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Vol. 75 JULY 1960 No. 1 
Some Experiences with Irradiation Injury’ 
JOSEPH W. FERREBEE, M.D., and E. DONNALL THOMAS, M_D. 
FOLLOWING is a brief review of has been essentially continuous; thus 


HE 
ite experiences with the treatment 
of the marrow injury that follows whole- 
body irradiation in man. The studies 
described are essentially those made with 
colleagues at the Mary Imogene Bzssett 
Hospital, Cooperstown, New York: Dr. 
Otto Sahler, Radiologist; Dr. Joe Cannon, 
Pediatrician; Dr. Charles Ashley, Patholo- 
gist; Drs. H. L. Lochte, Jr., John A. 
Mannick, Emery Herman, William Green- 
ough, Edward Hager, and Major T. W. 
Richey, U. S. Air Force, Research Asso- 
ciates. For a starting point this group 
has used the classical work on marrow 
replacement and marrow transplantation 
as extensively explored in irradiated ro- 
dents (1). As pilot for its own studies it 
has used the dog, an animal in which the 
treatment of post-irradiation marrow in- 
jury appears to offer difficulties comparable 
to those encountered in man (2, 3). The 
patients observed have been those with 
leukemia who received whole-body irradia- 
tion as part of their therapy. Doses have 
been 150 to 1,500 r measured in air at 
midbody position. Exposures have been 
at 2 to 2.5 meters target-to-source dis- 
tance, with a pair of symmetrically placed 
cobalt-60) units, one on either side of the 
patient at rest in bed. Dose rates have 
been 30 to 40 r per hour. Administration 


about forty-five hours have been required 
for an exposure totaling 1,500 r. 

Figure 1 shows a dog three months after 
an exposure of 750 r._ The animal is quite 
well. He received no infusion of marrow 
but was given fresh blood and antibiotics 
daily until his own marrow regenerated, 
about five weeks after exposure. This 
type of recovery from radiation injury pre- 
supposes a long and hazardous period of 
marrow aplasia and meticulous supportive 
therapy, for a month at least. The dog is 
from a series recently studied, with us, 
by Major T. W. Richey of the U. S. 
Air Force. 

A child receiving an exposure of 1,000 r. 
was isolated and given antibiotics and fresh 
blood. In the two weeks following irradia- 
tion, seven infusions totaling several billion 
fetal hematopoietic cells? were adminis- 
tered. Since no evidence of marrow func- 
tion appeared in three weeks, several 
billion fresh adult marrow cells were taken 
from one of the patient’s relatives and in- 
fused on the twenty-third day after irradia- 
tion. Evidence of returning marrow func- 
tion appeared on the thirty-second day, 
that white cells, particularly poly- 
morphonuclear leukocytes, appeared in the 
circulation at that time. However, im- 
munologic analysis of the erythrocytes 


is, 


' From the Mary Imogene Bassett Hospital (J. W. F., Research Physician; E. D. T., Physician-in-Chief), 


Cooperstown, N. Y. 


Presented as part of a Panel Discussion on Bone Marrow Transplants and the General Im- 


munological Problems, at the Forty-fifth Annual Meeting of the Radiological Society of North America, Chicago, 


Ill., Nov. 15 20, 1959 


ay data presented were obtained with the support of Atomic Energy Commission Contract AT (380-1)-2005, 
uited States Public Health Service Grant A2215, and a Grant from the John A. Hartford Foundation 


* Supplied by Dr. H. 






E. M. Kay, of the Royal Marsden Hospital, London 
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Fig. 1. Dog three months after exposure to 750 r. 
Autogenous recovery of marrow function. 


produced indicated that this marrow func- 
tion was essentially a regeneration of the 
patient’s own marrow and not an en- 
graftment of the infused fetal or adult 
hematopoietic tissues. 

These observations demonstrate that 
exposures to radiation commonly accepted 
as lethal need not be so if the patient is 
properly cared for. Marrow will regener- 
ate from remnants not completely de- 
stroyed by radiation at these doses, 
namely, S00 to 1,000 r, provided the patient 
is kept alive long enough by appropriate 
supportive treatment, chiefly fresh blood 
and antibiotics, and is isolated to reduce 
the possibility of death from intercurrent 
infectious disease. How often this can 
be done successfully is not known, but it 
obviously has been done and therefore can 
be done. 

Figure 2 shows several dogs from a series 
studied, with us, by Dr. John A. Mannick 
last year (4). The picture was taken nine 
to ten months after exposures of 1,000 to 
1,500 r. These dogs received infusions 
of small seed samples of their own marrow 


July 1969 


shortly after irradiation. Marrow wa 4 
removed from a femur and set aside. The | 
dog was irradiated. * The marrow samples, | 
2 or 3 billion cells, were re-infused. This 
treatment, re-infusion of autologous mar. § 
row, appears quite satisfactory. The dogs 4 
are given antibiotics and occasionally = 
receive transfusions in the first week follow. | 
ing irradiation, but they rarely appear | 
critically ill and marrow function usually | 
returns in two weeks instead of in the ™ 
four or five weeks that are required for an 7 
autogenous regeneration from surviving 3 
remnants. In several of the dogs shown § 
the seed sample of marrow had been stored @ 
at —S80° C. in glycerol. The time limits Z 
of this type of useful storage of marrow | 
are not known but are presumably meas @ 
ured in months or years (5). i 4 
A little girl, one of identical twins, was 7 
exposed to 900 r of whole-body irradiation | 
as part of her treatment for acute lew | 
kemia. This patient was not particularly } 
ill after irradiation. An infusion of mar-% 


row from her twin induced a return ol § 


function in two weeks. Similar studies 
in twins have been completed with ex-§ 
posures of 1,200 (6) and 1,600 r (7). 

Recovery appears to be induced in man | 
after infusion of isologous marrow from 
an identical twin just as it is easily induced 
in dogs by infusion of autologous samples 
of seed marrow. The problem with most 
of our patients is that they do not have 
preserved samples of normal marrow of 
their own set aside as seed prior to therapy. 
Dr. N. B. Kurnick, however, has made 
studies of patients receiving almost com § 
plete whole-body irradiation in whom it 
has been possible to set aside, frozen in 
glycerol, a small seed sample of essentially 
normal marrow prior to radiotherapy. 
Dr. Kurnick and Drs. Newton and Humble f 
and their colleagues of London, who have 
made similar studies, have evidence that 
the injection of an autologous seed sample 
accelerates the rate of return of normal 
marrow function in their heavily irradi f 
ated patients (8, 9). 

Figure 3 shows another dog in Dr. B 
Mannick’s series. The picture was taken 
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Dogs nine to ten months after exposure to 1,000 to 1,500 r. Recovery of marrow 
function following infusion of autologous marrow removed prior to irradiation. 


Fig. 3. Dog eight months after exposure to 1,800 r and infusion of marrow from another dog. Recovery of 
marrow function following infusion of homologous marrow. 

Fig. 4. Unrelated dogs six weeks after male on left was exposed to 1,300 r and given a marrow transplant 
and an effective kidney transplant from the female on the right. Recovery of marrow function following infusion 


of homologous marrow, 


eight months after three exposures of 600 r 
given on successive days for a total of 
1,800 r. The dog received marrow from 
a female and his leukocytes still have the 
female sex tag. The dog is alive and well. 


Lymph node function in this animal on 
biopsy appeared partially restored within 
three months after irradiation. The dog 
has now been off all antibiotics and hyper- 
immune sera for several months, and one 
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lymphoid tissue. 


presumes that in this radiation chimera 
lymph-node structure and immunologic 
defenses are fully restored. These points 
are now being tested. 

Figure + shows two dogs, with Dr. 
John A. Mannick, the surgeon who did the 
work (10). The dog on the left received 
1,300 r, a marrow graft, and then a kidney 


graft from the female on the right. Mar- 
row function returned in two weeks. The 


engrafted homologous kidney functioned 
normally within two weeks of its inser- 
tion. When this picture was taken, the 
dog’s own kidneys had been removed for 
several weeks. The animal died of pneu- 
monia on the seventy-fifth day, with 
normal blood urea and electrolyte levels 
and with a normal appearing bone marrow. 


Figure 5 shows the basic trouble in this 
instance. Lymph-node histology and 
function had not been restored. Sup- 


portive treatment and isolation were in- 
adequate, and death occurred as a result of 
intercurrent infectious disease. 

One of the essential problems in homolo- 
gous transfers of marrow after irradiation 
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oe eS - 
Section of lymph node from male dog of Fig. 4, seventy-five days after irradiation and 
sixty-five days after successful marrow transplantation. 
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is proper restoration of lymph-node fune- 
tion (11). This appears true in all species, 
including rodents, and is related to the 
graft vs. host reaction, that is a reaction of | 
the foreign lymphoid tissue included in 
the marrow infusion against the host's f 
tissue antigens, primarily at the home sites 
of the transplanted lymphoid cells in the 
lymph nodes and spleen. Adaptation or 
adjustment of this reaction will occur if the 
animal is protected from intercurrent 
disease during the two or three months that 
are required for the adjustment to take 
place. 

We have no patient with a successful § 
permanent graft of homologous marrow § 
after irradiation, nothing to match the 
results shown in dogs, and apparently no § 
one else has (12). One or two patients § 
after infusions of homologous marrow 
have shown signs of early but temporary 
marrow function of graft origin (13). Dr. 
Mathé has also had evidence of partial but : 
temporary function in marrow grafts m — 
several patients (14, 12). Here we are 
speaking of homologous marrow grafts, 
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9 ic. grafts of marrow from other persons, 
not of marrow grafts from an identical 
twin and not of re-infusions of the patient’s 
own marrow. These latter, isologous and 
autologous grafts, work well. 

We have speculated on the difficulty of 
securing successful permanent homografts 
of marrow in man and have wondered why 
it has been difficult to get good homologous 
crafts of marrow in dogs routinely. Lately 
“ seem to be securing results in dogs using 
radiation in doses greater than those just 
discussed, that is, up to 2,000 r. Perhaps 
radiation dose is also the problem in man. 
It may be that in both man and dogs 
homologous marrow is readily accepted 
© only after exposures considerably greater 
fe than those customarily successful in ro- 
‘dents. Our present studies are along these 
lines, and we are increasing our doses 
| progressively. So far we have not found 
intestinal damage necessarily fatal in dogs 
after 1,800 r administered at IS r_ per 
minute (15). Perhaps the use of anti- 
biotics has controlled one aspect of the 
intestinal syndrome, the systemic invasion 
| by intestinal bacteria. Perhaps the in- 
testines of men and of healthy dogs are 
© more resistant to radiation than hitherto 
supposed. Perhaps the supportive treat- 
; ment used, fluids and transfusions, has been 
more adequate. In any event, the acquisi- 
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) on radiation effects in general, in men and 
| in dogs, would appear most desirable. 
) Fortunately it would also appear that 
} such data can be obtained. For example, 
© the data on patients that have been pre- 
> sented came from studies in which the 





| welfare of the individual studied was kept 
| securely in mind and in some instances sig- 
: nificant clinical improvement was obtained. 


Mary Imogene Bassett Hospital 
Cooperstown, N.Y, 
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_ tion of further data on these subjects and 
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Comparison of the Effects of Isologous, 
Homologous, and Heterologous Hematopoietic : 
Tissues on Post-Irradiation Survival j 7 


LEON O. JACOBSON, M.D., and ERIC L. SIMMONS, Ph.D. 


HROUGH the centuries man has yearned 

for the possibility of exchanging new 
parts for old, of removing a damaged or 
diseased portion of his body and trans- 
planting in its stead a healthy substitute. 
In the early days many daring attempts 
were made at such transplantation, even to 
the extent of using tissues from animals. 
Gibson (1) has reported from the year 1682 
one of the earliest of such attempts on 
record, on a nobleman who had suffered a 
skull fracture on the battlefield. An 
enterprising surgeon used a piece of the 
skull of a dog to repair the damage, and the 
warrior lived. Indeed, so proud was he 
of this unique addition to his anatomy that 
he made the mistake of telling his friends 
about the operation and the news even- 
tually reached the ears of the officials of 
the Church. They promptly ruled that 
no good Christian should have part of an 
animal within his body and so ordered it 
removed. 

This anecdote serves as an introduction 
to our discussion, for amazing strides in 
the knowledge of radiation and its biologic 
effects have been made since the develop- 
ment of the atomic bomb and the dawn of 
the atomic age. Already research in the 
field of radiation biology and medicine has 
brought into view new horizons with far- 
reaching possibilities of effecting cures, 
contributing to a better understanding of 
the basic principles of the immune mecha- 
nism, and indeed opening up the possibility 
of tissue and organ transplantations. 

Even ten years ago no treatment for 
post-irradiation damage was known, despite 
the fact that Roentgen discovered x-rays 
in 1895 and that they have been in use ever 
since. Once the damage was done, once the 





1 From the Argonne Cancer Research Hospital (operated by the University of Chicago for the U. 
Energy Commission) and the Department of Medicine, University of Chicago, Chicago, III. 
a Panel Discussion on Bone Marrow Transplants and the General Immunological Problems, at the Forty-fifth 
Annual Meeting of the Radiological Society of North America, Chicago, Ill., Nov. 15-20, 1959. 


rays had delivered their undiluted physica 3 , 


impact on the living system, no restoratiye © 
treatment was available which could re. 7 
verse their lethal action. It was known, to ” 
be sure, that one could modify the biologic 7 
action of irradiation by pre-irradiation 
treatment. Treadwell and Gardner (9), 
for example, working at Yale, as far back 7 
as 1938 showed that when estrogens were > 


given to mice ten days before irradiation 7 


ee ees 





. . Dl 
the animals were able to survive dosages|> ; 


well above the lethal range. And, in the 7 
late 1940's, Barron (3), Patt (4), and Cron 7 
kite (5) showed that the sulfhydryl com. 3 
pounds, such as glutathione and cysteine, 7 
would protect, provided they were present 7 
when the ionizing radiations penetrated 7 
the body. : 

It was at about this time that we had] 
the good fortune to be exploring the effect 
of lead protection of the spleen on regenera: 
tion of blood-forming tissues following | 
total-body irradiation and realized that this a 
procedure prevented radiation mortality Ee 
despite the administration of lethal dosages. 7 
Not only did the spleen itself hypertrophy | 


g 











and prevent the characteristic fatal de ; 
pression in blood elements, but spleenh . 
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shielding was accompanied by rapid re 
generation of the bone marrow which buta 
short time previously had been depopulated. 
We soon explored other protective treat- © 
ments, such as transplantation of spleens § 
of new born mice and intravenous injec: § 
tion of homogenates of spleen and embryo 
liver, and found that mice thus treated ‘ 
would live even though they had been§ 
irradiated with dosages well above the} 
lethal range (6-8). Our colleague, the 

late Egon Lorenz (9), expanded the list 

of hematopoietic tissues having post: F 
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Thus, it soon became apparent that 
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> of irradiation, twenty-eight-day survival 


. 


ale 





ed ae ens heen aes Le 


1 Cron- 7 


yl com: 7 animal's own body was released by 
ysteine, | 


present © 


etrated 


we had 
e effect 
genera- 
llowing 
iat this 


ortality 7 


osages. 


h but a 


spleens 





cs 


RES 


Ped Cis Te 


Ne Sr Ai 


injec F 


mbryo 
Hreated 
1 been 


e, the tection, even though excellent survival 


he list 


post: & 


wy AE ata Ned 


could be enhanced dramatically by injec- 


tions of a variety of blood-forming cells, 
including combinations as genetically dis- 


i tinct as guinea-pig or rat cells in ir- 


radiated mice. 

It wasonly natural that the mechanism re- 
sponsible for this recovery should intrigue 
us and that many possible explanations 
should be suggested. It seemed possible 
that the addition of normal healthy cells 
detoxified some unknown poison produced 
in irradiated tissue, that there was seed- 


the 
the 
the 
transplanted cells. While it was im- 
possible to identify the mechanism on the 
basis of the facts available during these 
early years, it is true that we leaned in 
favor of the humoral hypothesis because it 
seemed inconceivable that cells from a rat 
could live in the body of a mouse without 
being rejected. We shall see how the 
clever approaches of many additional 
workers exploring this field made possible 


which hastened 
recovery of the damaged tissues in 


> the solution of the problem. 
trophy 
tal de i isologous tissues, that is, tissues from the 


spleet © same inbred strain, would provide excellent 


pid te) long-term survival against irradiation death 
) from dosages often as high as twice the 
ulated. § 


treat: © nomenon was observed that was to be of 


From the outset it was obvious that 


LD 50. However, in 1954 a new phe- 
extreme importance in setting the stage for 
the realization that injected cells actually 
colonize their weakened host. Barnes and 
Loutit (10) discovered that when hemato- 
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species were used for post-irradiation pro- 


followed the acute radiation crisis, the 


| animals worsened and slowly succumbed by 
one hundred and twenty days to what 
came to be referred to as ‘‘secondary dis- 
These 
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observations provoked a strong suspicion 
that a severe immune interaction was in- 
volved, and that the grafted cells were 
either attacking their host or vice versa. 
Indeed, while there is now no doubt that 
an immunologic reaction is going on, the 
controversy still rages as to who is attack- 
ing whom. 

There now followed the magnificent 
demonstration by three independent groups 
of workers that the transplanted cells in- 
deed persisted and recolonized the irradia- 
tion-weakened host animal. Lindsley ef 
al. (11) at Oak Ridge showed, by the 
use of appropriate antisera, that the cir- 
culating erythrocytes present in the sur- 
viving irradiated injected animal had the 
same immunologic pattern as did those of 
the animals whose bone marrow was used 
for the injection. Hence, these must be 
descendants of the injected bone marrow 
cells. Meanwhile, Nowell, Cole, etal. (12), 
in San Francisco, used histochemical meth- 
ods to show that if a mouse were given rat 
marrow after lethal irradiation, the marrow 
in the mouse’s body would, following its 
recovery, stain with alkaline phosphatase 
in a manner characteristic of the rat. 
Finally, the work of Ford, Hamerton, 
Barnes, and Loutit (13), in England, re- 
moved any doubts remaining that the in- 
jected cells were transferring their behavior 
pattern to their new host and proved con- 
clusively that the colonizing cells were 
the descendants of the injected stem cells. 
They transplanted marrow from other 
mice, using a chromosomal abnormality 
as a genetic marker, and found that the 
regenerating tissues in the irradiated mouse 
contained these abnormal chromosomes. 

We are often asked why we didn't 
realize during those early years that our 
radiation survival was due to repopulation; 
why we didn’t give it more serious thought. 
We were certainly aware of the tremendous 
background of literature on the effect of 
radiation on the immune response, some of 
this work in fact, such as Hektoen’s, going 
back to the early 1900’s. We knew, of 
course, that if one gave low doses of 
irradiation to an animal and then chal- 








Ss LEON O. JACOBSON AND Eric L. SIMMONS 


lenged with a foreign antigen, the animal 
was no longer able to form antibodies 
against the antigen during the early period, 


but that, as it recovered, its immune 
production mechanism also _ recovered. 
And, of course, no one had ever tried to 
challenge an animal following a supra- 
lethal dose of irradiation because one 
cannot do an immunological experiment 
on a dead horse, and at that time there 
was no way to save the life of a lethally 
irradiated animal. 

Thus, changes in the immune response 
became the key to an understanding of 
factors at work in post-irradiation survival, 
and many dramatic experiments that were 
performed about this time developed these 
concepts. A review of the irradiation 
studies of the period would not be com- 
plete without mention of the exciting trans- 
plantation experiments in which Main and 
Prehn (14) were able to circumvent the 
homograft reaction. After giving 800 r 
to DBA/2 mice followed by supportive 
injections of BALB/c bone-marrow cells, 
they found that surviving mice retained 
a skin graft from mice of the strain used 
as the source of the bone marrow. Nor- 
mally, of course, such a transplant between 
strains is rejected. A great deal of work 
has since been done on experimental 
tumors to explore this host-graft mecha- 
nism. 

Our realization of the fact that supra- 
lethal doses of irradiation paralyzed the 
immune processes of the body, and thus 
allowed the growth of foreign transplanted 
cells, has in recent years been reinforced 
by the basic immunologic research of such 
workers as Billingham, Brent, and Med- 
awar (15) and many others. Their work 
has shown that one can inject an embryo, 
or in some cases the newborn, with foreign 
antigens during the stage of antibody in- 
activity. Such an individual will then 
develop a tolerance to the injected anti- 
gens and will thereafter not form anti- 
bodies against it. The supralethally ir- 
radiated animal is apparently very much 
like the embryo, in the sense that it is not 
capable of antibody formation at the time 
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the foreign cells are injected and some de. © fusior 
gree of tolerance is developed. In the 7 wo 
present state of our knowledge, it is difficult | ie t] 
to be certain where we stand in making as. 7 — ‘ 
sumptions about transferring our research © pi 
findings from the mouse to practical ap- Yan 
plications in man. This is well illus. E the p 
trated by Drs. Ferrebee, Webster, and See 
Dealy, the other participants in this sym. 7... 
posium. The picture is not all black and | yes 
white at the moment, even in studies with — . . 
mice, for sometimes irradiated mice in- a he M 
jected with homologous bone marrow will © fusior 
live out their remaining life span with a B recen 
permanent transplant, while at other” diatec 
times the foreign tissues seem to be re- ~ repre: 
jected and the mouse reverts to its original |) the r 
tissues. | ment: 

We have come a long way, but there are | prese 
still many promising leads to be explored.|7 jectio 
Experiments with animals suggest that the) > put d 
use of embryonic tissues rather than of] 7 gyen 
adult bone marrow will also lead to the” glass 
development of tolerance and that fewer!) anim: 
secondary immunologic complications may |~ jn rac 
develop when the irradiated animal is [py 
colonized by descendants of such embryonic © jaye 


cells. While this has not yet been shown 
to be true in man in preliminary experi 7 
ments using fetal materials, as has been ™ 
pointed out by Ferrebee, it has yet to be) 
tested in greater detail. : 

Another avenue of approach which some | 
workers are already exploring is the possi- F 
bility of suppressives which operate some: F 
what as follows: Suppose that bone marrow 
from mouse B when injected into mouse AF 
leads to severe secondary disease. Now, 
if it were possible to find suppressor sub-/ 
stances that would so alter the immune 
behavior pattern that permanent tolerance 
would result, then there would be no secon¢- | 
ary immune interaction. Some success in | 
this direction has already been achieved by | 
Beilby and colleagues (16), even though F 





this approach is as yet only in the intro § 
ductory experimental stage. They have 
reported the case of a patient with Hodg- F 
kin’s disease who suffered from acute bone- F 
marrow failure due tochemotherapy. This 4 
they treated with a bone-marrow trams § 
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fusion from her sister. The bone-marrow 
craft has now survived for more than six 
months and is leading to the production of 
an ever increasing proportion of the 
patient’s erythrocytes. 
One last point that might be mentioned is 


the possibility that even homologous cells 
} may somehow, by their temporary pres- 


' ence, aid the regeneration of the irradiated 


| recipient’s own cells, which would thus 
be restored to normal life. As reported 


by Mathé (17), the bone-marrow trans- 


' fusions from French volunteers that were 
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recently given to the accidentally irra- 
diated Yugoslav scientists may possibly 
represent such an instance for, following 
the recovery of their peripheral blood ele- 
ments, the donor cells are no _ longer 
present. In experiments with rabbits, in- 
jections of mouse cells increased survival 
but did not lead to colonization, and indeed 
even such nonspecific irritants as ground 
glass have been shown to stimulate the 
animal’s own regeneration and hence aid 
in radiation survival. 

In conclusion, it may be felt that we 
have not yet come through with anything 
very practical for application to the human 
being. But at least in these last few years 
we have asked ourselves a great many 
questions, and I suspect have provided the 
radiologists with thousands of projects for 
exploration in the next ten years. 

Argonne Cancer Research Hespital 


950 E. 59th St. 
Chicago 37, Ill 
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SUMMARIO IN INTERLINGUA 


Comparation de Tissus Hematopoietic Isologe, Homologe, e Heterologe in Lor Effectos Super 
le Surviventia Post Irradiation 


_Es revistate studios experimental rela- 
tive al effectos de transplantate tissus 
hematopoietic super le surviventia post 
radiation. Ab le initio il esseva evidente 


que un excellente surviventia a longe dura- 
tion poteva esser effectuate in fortemente 
irradiate animales (recipiente usque a duo 
vices le dose letal median) per le injection 





10 


de tissu ab le mesme (endogame) racia 
(i. e. tissu isologe). Tamen, cellulas ab 
un altere racia o ab un altere specie, ben 
que illos manteneva le animal durante le 
crise acute de radiation, non prolongava 
le vita in ultra de cento e vinti dies. In- 
compatibilitate se manifestava e le morte 
superveniva. 

Investigationes additional monstrava 
que le implantate cellulas alien persisteva e 
re-formava colonias in le irradiate hospite, 
lo que indica que le processos immunologic 
del corpore habeva essite paralysate per 
le irradiation. Esseva trovate in certe 
casos que le uso de fetal tissu hemato- 
poietic reduceva le complicationes immuno- 
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logic secundari e obviava le latente jp. 
compatibilitate alteremente observate jp 
transplantationes homo- e heterologe, 
Iste phenomeno ha non ancora essite 
demonstrate in humanos, sed studios cur. 
rentemente in progresso investiga le ys 
possibile de substantias suppressori capace 
a alterar le comportamento immunologic 
de tal maniera que un tolerantia perma. 
nente resultarea. 

Es mentionate le possibilitate que mesmo 
cellulas homologe es capace—in un ma 
niera o un altere—a promover per lor pre. 
sentia temporari le regeneration del cel. 
lulas autochthone in le recipiente del 
irradiation. 


SUMMARIO IN INTERLINGUA 


Experientias con Lesiones de Irradiation 


(Pagina 1) 


Es reportate studios experimental in 
canes e observationes in un numero de 
patientes leucemic qui recipeva irradiation 
del corpore total como parte de lor thera- 
pia. Le presentation se face ab le puncto 
de vista del lesiones de irradiation. 

Un can subjicite a 750 r se restabliva 
post administrationes diurne de sanguine 
fresc e de antibioticos, continuate usque 
al regeneration del medulla ossee circa 
cinque septimanas post le exposition. Un 
patiente pediatric recipeva le mesme trac- 
tamento, sed con le addition de septe 
infusiones de un total de plure milliardos 
de fetal cellulas hematopoietic e subse- 
quentemente de plure milliardos de adulte 
cellulas fresc ab un consanguineo. Signos 


de un retorno del function del medulla 
ossee sequeva iste tractamento. 





In canes, restablimento sequeva etiam 
le infusion de micre specimens seminal de 
medulla obtenite ab le animales mesme e 


re-administrate brevemente post le irradi- | 


ation, durante que in humanos le infusion 
de medulla isologe ab un gemino identic 
resultava in le restauration functional. 
Un del associate problemas in trans- 
plantationes homologe de medulla post 
irradiation es le restauration del function 
del nodos lymphatic. Isto require le 
protection contra omne maladia inter- 
mittente durante duo o tres menses. 
Nulle permanentemente successose gral- 


fos de medulla homologe esseva obtenite 7 
Es presentate le hypothese 7 
que graffos homologe esserea acceptate | 
plus prestemente post irradiation in doses |~ 


in humanos. 


plus alte que illos usate usque al presente. 
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| The Theory and Practice of Total-Body Irradiation 
in the Dawn of the Homograft Era 


JAMES B. DEALY, JR., M.D. 


HE administration of total-body radi- 
ye as a prelude to the trans- 
plantation of tissues between genetically 
unrelated individuals may be approached 
from two theoretical standpoints, which 
share the common objective of altering 
normal antibody response. 

On the one hand, doses of radiation in 
the potentially lethal range may be em- 
ployed in the expectation that infused bone 
marrow, by its functional replacement of 
the recipient’s marrow, will provide ef- 
fective support through the acute radiation 
syndrome. This successfully “‘grafted’’ 
marrow, as the recipient's new immuno- 
logical recognition system, should then be 
tolerant of other tissues grafted from the 
same or genetically identical donors. 

Alternatively, total-body irradiation, 
from which spontaneous regeneration of 
host marrow may be predicted, cannot be 
excluded as having a sufficiently suppres- 
sive effect on lymphopoietic and reticulo- 
endothelial elements to permit of a period 
of immunologic impotence. If there is an 
analogy between this state and the peri- 
natal state of immunologic immaturity 
(1), during which tolerance to homologous 
(same species but genetically unrelated 
individuals) tissue antigens can be ac- 
quired, it is not irrational to hope that the 
stage is set for the operation of similar 
mechanisms during the post-irradiation 
period. 

The difference between these two ap- 
proaches may be a predominantly quan- 
titative one. In the adoption of the high- 
dose pathway, with an apparent immuno- 
logic default on the part of the host, one 
must consider whether success depends 
per se upon eradication and complete 
replacement of the lymphopoietic-reticulo- 
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endothelial system. Irradiation chimeras 
have been shown to have either hemato- 
poietic cells or immunologic responses that 
are unique to the original identities of both 
recipient and donor (2-6). The implica- 
tion, therefore, is that a continuing degree 
of host marrow and reticulo-endothelial 
proliferation can be expected even after 
the doses of irradiation that are required 
for the acceptance of marrow. The un- 
successful attempts to destroy human 
leukemia may be cases in point (7, 8). 

The desirability of pursuing the low- 
dose approach, with its major circum- 
vention of the difficult and taxing problems 
of the management of the acute radiation 
syndrome, is obvious. However, even 
though the theoretical difference may be 
quantitative, the fact remains that the 
best chances of promoting tolerance to 
fixed tissue currently appear to reside in 
the previous or parallel acceptance of a 
true bone-marrow homograft. In order 
to obtain this, the potentially lethal 
doses of radiation, which will produce the 
greatest net depression in the ratio be- 
tween new, unmodified antibody and anti- 
gen, have a demonstrated superiority. 

Our experience thus far has shown that 
the best maesabagene bone-marrow pro- 
tection against 250-kv whole-body irradi- 
ation in the rabbit is achieved following a 
total dose of 1,100 r, given in successive 
daily doses of 600 and 500 r. Within a 
matter of hours after the second exposure, 
of the order of 2 billion nucleated marrow 
cells from a genetically unrelated wean- 
ling donor are infused intravenously and a 
full-thickness skin graft is transferred 
from the marrow donor to the irradiated 
animal’sear. In certain instances, marrow 
has been pooled from multiple (five) 
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Figs. 1 and 2. 


donors, in which event skin is grafted from 
each of the donors to the pool. The de- 
tails of this procedure have been reported 
previously (9, 10). 

Radiation dose is expressed as air dose 
at the center of the irradiated volume (Fig. 


1). At each session, the total dose is 
TABLE I: LETHALITY OF EXPERIMENTAL PROCEDURES 
No Per Cent 
of Group 
Animals surviving irradiation 143/153 94 
Animals surviving marrow 
infusion with and without 
skin grafting 83/96 86 


divided evenly among four portals in the 
axis of two body planes. On the basis of 
Masonite phantom measurements which 
simulate the irradiated volume adjusted 
by rice bolus to 20 c.c. (Fig. 2), mid- 
plane homogeneity is in the range of 
+5 per cent, with the absorbed dose at 
the center of the animal approximately 
1,000 rads. Under these experimental 
conditions, this dose has an LD 89 in two 
weeks. 

A certain immediate attrition results 
from the irradiation itself. As shown in 
Table I, 10 of 153 animals succumbed 
either between the two doses or immedi- 
ately after the second, for an overall sur- 
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Lucite animal-irradiation container with ionization chamber at center 
Rabbit undergoing whole-body irradiation. 
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of irradiated volume 





vival of 94 per cent. Similarly, there 
is a mortality associated with the marrow | 
infusion and _ skin-grafting procedures. | 
Among 96 animals subjected to these | 
events, there were 13 deaths, 8 of which | 
were attributed to anesthesia and 5 to| 
marrow emboli. The latter hazard can) 
be reduced effectively by technics designed | 
to diminish particle size and fat content. | 

The degree of protection afforded by | 
bone marrow, if the animal survives the 
irradiation and immediate post-irradia- 
tion procedures, is shown in Table II. 





TABLE II: PERIODIC SURVIVAL OF ANIMALS 
TOLERATING EXPERIMENTAL PROCEDURES 





>2 >4 >7 
No. Weeks Weeks Weeks 

(%) (%) (%) 

X-ray controls 47 11 9 6 


X-ray and marrow 83 86 49 37 


The baseline periodic survival of the irradi- 
ated but untreated animals is seen to be Il 7 
per cent beyond two weeks, 9 per cent 
beyond four weeks, and 6 per cent beyond 

seven weeks. The figures given for the 

animals receiving marrow are all-inclusive 

and do not take into account 
the marrow is from single or multiple 
donors or whether or not a proliferating 
homograft was achieved. The latter, of 


whether F 






Vol. 78 


cou 
whe 
as ¢ 


TABI 





Sueee 


Unsu 


Te 


as 
ap} 
ma 
abr 
ext 
tut 
the 
vu 
vai 
ev 
pre 
Wi 
th 








July 196 


ee a nT Te ee eS 


e 


i soi 





id inthe igi, 





volume 





there 
arrow 
dures. 
these | 
which | 
5 tol 
1 can f 
signed | 
nt. } 
d by | 
Ss the 
radia- 
e Il. 














Vol. 75 


Fig. 3. 
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Ps 


Female leukocyte showing characteristic drumstick or chromatin 


tag projecting from lobe of adult polymorphonuclear neutrophil. 


course, is an important consideration. To 
what extent does the acceptance of marrow 
as a graft augment protection? 











TaBLe III: PERIODIC SURVIVAL AS A FUNCTION OF 
MARROW TAKE 
>2 >4 >7 
No. Weeks Weeks Weeks 
(%) (%) (%) 
Successful marrow homograft 
Single donor recipients 45 100 64 51 
Pooled marrow recipients 22 73 27 14, 
Total 67 $1 52 39 
Unsuccessful marrow homograft 
Single donor recipients 6 83 50 33 
Pooled marrow recipients 10 50 30 30 
Total 16 63 38 31 





Table III shows the periodic survival 
as a function of marrow take. It is 
apparent that the proliferation of infused 
marrow contributes something over and 
above nonspecific support. This is to be 
expected, since the existence of a substi- 
tutive immunological competence during 
the post-irradiation period of maximum 
vulnerability to infection is clearly ad- 
vantageous. It is equally apparent, how- 
ever, that the salutary influence of the 
proliferating, grafted marrow is neutralized 
with the passage of time, particularly in 
the pooled marrow group, which involves a 
more complex set of immunologic reactions. 





Very possibly a reverse immunologic situ- 
ation, in which the unwitting graft reacts 
against the host, may achieve such pro- 
portions that it becomes lethal to the 
recipient. 

The fact that the numbers in the un- 
successful marrow graft category are small 
is merely a commentary on the efficacy 
of the dose. In other words, there appears 
to be a range of radiation dose in which at 
least short-term survival tends to be 
equilibrated with a_ successful marrow 
homograft. At 1,100 r, the chances of 
obtaining a take following infusion of 
homologous marrow from a single donor 
are 88 per cent. Although efforts have 
been unsuccessful thus far, it is entirely 
possible that higher doses, on a different 
protraction schedule than has been em- 
ployed, might make a successful graft and 


survival synonymous. The fear of a 
countermanding supralethal — radiation 


effect is somewhat belied by the fact that 
very large doses of whole body irradiation 
in the dog can be protected against by 
the use of autologous marrow (11). Thus, 
mortality from large doses of x-rays 
cannot be divorced entirely from immuno- 
logic, host-versus-graft considerations in 
homologous systems. 





14 JAMES B. DEALY, JR. 


The assessment of a proliferating mar- 
row homograft in these experiments de- 
pends upon the identification of donor 
female leukocytes in the peripheral blood 
of the irradiated male recipient (Fig. 3). 
The results, therefore, permit conclusions 
only with respect to a take in the white 
cell series and shed no light on any aug- 
mentation of tolerance that might be 
attendant upon a concomitant proliferation 
of donor erythropoietic cells. 

Correlation between successful bone- 
marrow (white-cell) grafts and skin grafts 
is shown in Table IV. The two animals 
TABLE IV: CORRELATION BETWEEN CIRCULATING 
FEMALE WBC AND SKIN GRAFT SURVIVAL IN ANIMALS 


LIVING LONGER THAN Two WEEKS 








= Number of Animals-—-- - 





Skin Skin Skin 
Recipients 2? WBC? WBC Graft Graft Graft 
Present Absent Accep Rejec Incon 
tance tion clusive 
Single donor 
marrow 10 0 10 0 
Pooled marrow 16 5 16* 3T 2t 
* 57 grafts accepted by 16 animals 
+ 15 grafts rejected by 4 animals 
+ 


¢ 5 of 10 grafts intact at death on fifteenth day 


of inconclusive graft status died on the 
fifteenth day with an aggregate of 5 out 
of 10 grafts intact, but without having 
shown evidence of marrow proliferation. 
Since the average rejection time for grafts 
in irradiated controls not receiving marrow 
and in irradiated animals that do not 
accept marrow is approximately twenty- 
three days, the retention of skin grafts for 
this period need not necessarily be con- 
sidered a dichotomous result—particu- 
larly since the remaining animals fell 
into two distinct patterns. Of these re- 
maining rabbits, no animal accepted skin 
that did not accept bone marrow and, 
conversely, every animal that accepted 
marrow accepted skin from either its 
single marrow donor or from one or more 
donors to its marrow pool. 

This, then, was the experimental back- 
ground of a human application which was 
prompted by the presentation of 2 patients 
whose solitary kidneys had been removed 
following rupture. These patients appear 


as numbers | and 2 in Tables V and VI, 





July 1969 


along with the 4 additional patients who 
comprise our total experience in man to 
date. Since most of these cases will be 
reported in detail elsewhere, only salient. 
summary features are included here. 

The initial attempts involved the use of 
large, single doses of 2-Mev radiation’ 
followed by the infusion of bone marrow. 
In one patient (GL), 107 billion marrow 
cells were pooled from 17 donors, including 
a small percentage from a _ 4-year-old 
hydrocephalic female whose kidney was 
transplanted four days after irradiation. 
For the other patient, a twelve-year-old 
boy (NW), 10.5 billion marrow cells were 


taken exclusively from his mother as the | 
Because of the | 
condition, 


potential kidney donor. 
general deterioration of his 
however, it was not deemed justifiable to 
sacrifice one of the mother’s kidneys, and 
no renal homograft was carried out. In 
neither patient was there any conclusive 
evidence of a marrow take, and both 
died as a result of hemorrhage and infec- 
tion. At autopsy of the first patient 
thirty-two days after irradiation, there 
were no morphologic evidences of a re- 
jection pattern in the kidney that had 
been transplanted. 

The failure to achieve effective control 
of sepsis and hemorrhage through marrow 
support in these patients tempered any 
enthusiasm for proceeding to higher dose 
levels, not because theoretical justification 
was lacking, but because the uncertainties 
of gauging the optimal dose were felt to 
be too great when dealing with the more 
elective situation of advanced renal disease. 
Accordingly, the remaining 4 patients 
were given doses of radiation designed to 
produce marked but not irreversible bone- 
marrow depression. 

The first of these patients was a 2s- 
year-old chronically uremic white male 
(JR) whose kidney donor was a dizygotic 
twin brother with 26 compatible blood 
groups. The lack of identity was corrob- 
orated by the repeated rejection, by the 
healthy sibling, of skin transferred from 


2 Irradiation carried out by Dr. Joseph H. Marks 
at the New England Deaconess Hospital. 
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TABLE V: ToTAL-Bopy IRRADIATION: SUMMARY OF HUMAN EXPERIENCE: I 























Patient ‘ og ——— Kidney Marrow — Cause of Kidney 
and Diagnosis : Source Source : Death Rejection 
Age (r) X-ray 
1. GL No kidneys 600 Indifferent Pooled 32 days Hemorrhage and 0 
31 4-year-old (17 donors) infection 
female 
> NW No kidneys 700 Mother 25 days Hemorrhage and 
~ 412 infection 
3 IR Chronic 250 Fraternal 10 mo. ne ? 
23 glomerulo- and twin 
nephritis 200 
4, RD Subacute 250 Indifferent 19 days Uremia Cortical necrosis 
56 glomerulo- and §-year-old (major blood 
nephritis 200 male incompatibility ) 
5. MC. Chronic 250  ~=Father 22 days Hemorrhage and 0 
15 glomerulo- and infection 
nephritis 150 
6. GC Chronic 250 IWdays Uremia 
20 glomerulo- 
nephritis 
TABLE VI: ToTaAt-Bopy IRRADIATION: SUMMARY OF HUMAN EXPERIENCE: II 
Patie Dose Source —Maximum Depression of— Gastrointestinal I 9 
atient (,) and h.v.1. Retic. WBC Platelets Symptoms : ee ee 
. Symptoms 
1 GL 600 2Mev;/7.3mm. Pb* 0 200 20,000 Early nausea and vom- Seizures; ? diuresis 
48 hr lwk. 2 wk. iting; bloody diarrhea 
2, NW 700 2 Mev;/7.3 mm. Pb 0 250 0 Esophagitis; bloody 
1 wk. 2 wk. 2 wk. diarrhea 
3. JR 450 250 kv/3.0 mm. Cut 0.2 0 55,000 = Stomatitis; parotitis 
2 wk 3 wk. 2 wk. 
4 RD 450 250 kv/3.0 mm. Cu 0.5 1800 = 57,000 
2 wk 2wk. 10 days 
5. MC 400 250 kv/3.0 mm. Cu 0 50 1,000 Parotitis Seizures (drug in- 
2 wk 2wk. 2 wk. toxication ) 
6. GC 240 250kv/3.0 mm. Cu 1.0 3000 100,000 Parotitis Seizures (drug in- 
10 days lwk. 2 toxication ) 





* Average dose rate of 3 r/min. at distance of 19 feet. 


wk. 


+ Average dose rate of 5.5 r/min. at distances of 150 to 160 cm. 


the sick twin. As can be seen in Table VI, 
the dose of radiation administered achieved 
the desired marrow depression, but per- 
mitted spontaneous recovery inthe presence 
of a promptly functional renal homograft. 
It is noteworthy that in this patient, the 
correction of uremia and the surgical 
removal of his own infected kidneys 
coincided with the reversal of the hemato- 
logic picture. At this report, some ten 
months after transplantation, the patient 
remains well clinically (Fig. 4), although 
findings in his urinary sediment suggest 
that early rejection processes may be 
operative. With close consanguinity be- 
tween recipient and donor, the contrib- 
utory role of radiation to the develop- 


ment of prolonged, partial tolerance is 
documented by this ominous development. 


From the hematologic responses of the 


remaining 3 patients, it can be seen that, 
although they are dose-dependent, there 


is a distinct individual variation. 


Because 


of an early decline in white count and 
platelets, the second dose of radiation in 
patient No. 5 (MC) was reduced to 150 r 


but, 
infection 
causes to her demise. 
radiation in patient No. 6 


notwithstanding, hemorrhage and 
were important contributory 
The second dose of 
(GC) was 


omitted when her potential kidney donor 
had to be disqualified for medical reasons. 


Since the objective in the last 4 patients 


was modification of the immunologic speci- 
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Fig. 4. 











10-30-59 





Chest films of patient No. 3 (JR) prior to and ten months after total-body irradiation (450 r) and renal 


homograft from a fraternal twin. 


ficity of the antibody-producing cells of 
the recipient, it was considered advisable 
to explore the use of the less penetrating 
250-kv x-ray source, with fractionation of 
the total dose into two roughly equal 
amounts one week apart. The set-up 
employed is shown in Figure 5. Dose has 
been expressed as nominal air dose, un- 
corrected for back-scatter, to the mid- 
sagittal plane of the flank. Admittedly, 
this is an artificial exposure dose rather 
than an absorbed dose. However, because 
of inhomogeneity in the air-dose field at 
average treatment distances of 150 to 
160 cm., and because of variations in 
distribution of body mass from one individ- 
ual to another, it has not been felt that 
attempts to express the data as an average 
absorbed dose would lend particular preci- 
sion or critical biologic meaning to com- 
parative analyses. The orders of tissue 
dose magnitude measured in a Masonite 
phantom, with air space “‘lungs,” of the 
same body proportions as patient No. 3 
(JR), are shown in Table VII. 


DISCUSSION 


The use of total-body irradiation in the 
transplantation field has raised more ques- 


TABLE VII: Dostmetry or TotTAL-Bopy IRRADIATION 
AT 250 Kv 





Body Site . * : F 
(Midsagittal Plane ) Rads/100 r Rads/450 r° 





68 


Flank 305 
Mediastinum 82 370 
Head 63 285 


Maximum absorbed dose 30°, 


> minimum absorbed dose 


* Nominal air dose midsagittal plane in flank 


tions than it has answered. Nonetheless, 
there would appear to be a reasonable 
foundation for the belief that ionizing 
radiation will play a major role in progress 
in the homologous transfer of whole 
organs. In the dawn of this era, human 
experience will have been disappointing to 
those who want a complete and quick 
answer. 

Temptation to demand that x-radiation 
do the complete job should not obscure 
the fact that its qualitative effects on the 
imniune response due to histo-incompati- 
bility mechanisms have all been in the 
right direction, despite great gaps in 
knowledge of procedural details. 

The tendency has been to assume that 
homogeneity of total-body irradiation is 
important, but this is not known to be a 
fact. If it be decisive, methods of achiev- 
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ing it in its most refined form have yet to 
be worked out fully. There is much that 
is not known about time-dose relationships, 
both with respect to gross fractionation 
and dose rate. Dose requirements as a 
function of the tissue to be transplanted 
and the timing of the homograft in relation 
to irradiation require further elucidation. 

The basic question of whether tolerance 
to homologous organs in the human can be 
induced by “‘sublethal’’ irradiation must 
be left open. The prolongation of kidney- 
graft survival in patient JR suggests that, 
with respect to this organ at least, it can— 
if under circumstances of close consan- 
guinity. Against the favorable background 
of the chronic uremic state (12), it remains 
to be seen whether, with greater genetic 
disparity between recipient and donor, 
there is a dose ascendancy which crowds 
the threshold of the difficult zone wherein 
the patient can do neither with nor with- 
out marrow. In the presence of a continu- 
ing stimulus from a large, vascularized 
antigenic mass, which is evidently granted 
some prolongation of survival even in the 
unirradiated recipient (13), one would 
hope that the recovery period from modest 
doses of depressant radiation might be 
characterized by an immunologic adapta- 
tion. The individual factors that apply 
to the transfer of whole organs other than 
the kidney are largely unknown. 

Whichever the theory and whatever 
the dose range, the problems of guiding 
these already desperately ill patients 
through the post-irradiation course are 
many and varied. Scrupulous environ- 
mental hygiene and the administration of 
antibiotics, when needed, provide adequate 
control of exogenous infection, but the 
difficulties involved in combating infec- 
tions that stem from the irradiated recipi- 
ent's own bacterial flora are less easily 
solved. 

As a final disquieting note, it must be 
tecognized that the human counterpart of 
the graft-versus-host reaction in the labo- 
tatory animal presents an unknown but 
potentially foreboding cloud to overshadow 
the successful circumvention of the host- 
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Fig. 5. 
treatment oval for total-body irradiation from a 250- 


Volunteer ‘‘patient’”’ coiled up in 48-inch 


kvp constant-potential source. 
is 176 cm. 


Target-floor distance 


versus-graft phase. The more optimistic 
side of the coin is that the virulence of this 
homograft reaction, if it occurs at all 
when the graft is a largely nonreactive 
organ in the immunologic sense, may be 
less in the heterogeneous human population 
than it is when one crosses highly inbred 
animal lines. The fact that the incidence 
of the reaction in severe form among our 
rabbit population has been less than might 
have been expected on the basis of work in 
mice and rats lends credence to this 
concept. 

At the present time it would appear that 
continuing research must be directed : 


(a) Toward means whereby the impact of 
the acute radiation syndrome may be 
diminished without altering the biolog- 
ical effectiveness of radiation on the 
lymphopoietic and reticulo-endothelial 
systems. 
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(6) Toward methods of enhancing the 


effectiveness of modest doses of irradia- 
tion on immunogenetic adaptive mech- 
anisms. 


Note: Both the animal and human studies re- 
viewed briefly here represent the collaborative effort 
of a great many individuals on the staffs of the 
Peter Bent Brigham Hospital and Harvard Medical 
School. These include Drs. M. S. Brooke, P. 
Cohen, J. M. Corson, G. J. Dammin, E. A. Fried- 
man, J. H. Harrison, F. Lee, J. P. Merrill, J. E. 
Murray, S. Piomelli, S. B. Rees, J. W. Retan, 
N. L. Sadowsky, C. W. Walter, and R. E. Wilson. 

These studies were supported in part by Grants 
H-1771, H-2791, and H-444 from the National Heart 
Institute, and Grant A-3545 from the National 
Institute of Arthritis and Metabolic Diseases, U. S. 
Public Health Service, Bethesda, Md.; in part by 
contracts DA-49-007-MD-645 and DA-49-007-MD- 
429 with the Research and Development Command, 
Office of the Surgeon General, Department of the 
Army, Washington, D. C.; in part by contract 
At(30-1)-2265 with the Atomic Energy Commission, 
and in part by the John A. Hartford Foundation, 
Inc. 

Peter Bent Brigham Hospital 


721 Huntington Avenue 
Boston 15, Mass. 
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18, fe for the Uniform Whole-Body Irradiation of Man 

‘D Cou ; EDWARD W. WEBSTER, Ph.D. 

-d, Bone. 

tial Im 3 

nol. 83: ‘ HOLE-BODY irradiation is currently exposure dose measured in roentgens 7” 

te. ‘2 W being applied to man for several ther- free air at some reference point. The two 

tion ani apeutic purposes: the destruction of bone common points are the skin proximal to 

4914%, marrow asa preliminary to autologous (1), the radiation source and the midplane of 

Person’ § jsologous (2), or homologous (3) bone- the body. The variation of this air dose 

edit marrow grafting in the treatment of acute over the treatment zone may be cited. 

on Afts leukemia; the treatment of extensive Such a simple specification has relatively 

“a : radiosensitive malignant disease, such as_ little meaning by itself. 

CANnos ‘ lymphosarcoma, Hodgkin’s disease, and The exposure doses measured in roent- 
i seminoma (4), with or without subsequent gens at points on or in a body are, of 

8: 17%-| | autologous bone-marrow grafts; and sup- course, considerably different from those 
Lay | pression of the immune reaction, with measured in free air. In particular, both 


h Bon or without subsequent homologous bone-_ the quality of the radiation and the thick- 


Inst. 20/7 marrow grafting (5), to permit homograft- ness and length of the body affect the 
powsky,| » ing of other tissues. “tissue”’ dose received from a given “‘air”’ 
«ih | It is generally considered that for these dose. 

tal Boy | purposes a “‘uniform’’ whole-body dose “Tissue” Exposure Dose: It is more 


» should be delivered. This specification desirable to specify dose as the exposure 
» introduces two physical problems, namely dose measured in the body in roentgens. 
» the design of treatment facilities to ad- It is possible to specify the variation of 
© minister a uniform whole-body irradiation exposure dose throughout the body, for 
| dose and the evaluation of that dose. example by citing an average dose and the 
These problems are interlinked, since one per cent limits of variation. This dose 
| must define the term radiation dose and has usually been calculated or measured 
| Hom |= consider the factors affecting its variation for a solid phantom of unit density 
“ throughout the body before an arrange- and for one axis or one plane in that phan- 
ment for uniform whole-body dose can be tom, depending on the geometry of the 
specified. treatment method. Thus, specifications 
of exposure dose uniformity have ignored 
the irregularities produced by variations 
rhe words “‘uniform’’ and ‘‘dose’’ may in the size of the body cross-section and 
each be interpreted in several ways. In_ by the presence of bone and lung. 
| whole-body irradiation procedures there Absorbed Dose: Dose may also be de- 
| has been no agreement on their meaning. fined as “absorbed dose,” a measure of 
| Only rarely has “uniformity” in any sense the energy deposited per gram of tissue, 
been specified. Yet careful specification for which the unit is the rad. If the 
of these terms is necessary for reproduci- treatment objective is to destroy all cells, 
Ps bility of scientific work or clinical treat- or the vast majority of cells, of a particular 
ment. Three varieties of ‘“‘dose’’ are in type wherever they may be in the body, 
me Use. then it would seem desirable to deliver 
“Air” Exposure Dose: Doses in whole- a minimum amount of energy to each of 
ss body treatments, whether in man or these cells. Similarly, if the objective 
a animals, have usually been specified as the is to inactivate a particular molecular 





1. THE SPECIFICATION OF DOSE 








23 From the Department of Radiology, Massachusetts General Hospital, Boston, Mass. Based on a paper pre 
—— as part of a Symposium on Bone Marrow Transplants and the General Immunological Problems, at the 
orty-fifth Annual Meeting of the Radiological Society of North America, Chicago, I1l., Nov. 15-20, 1959 
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species throughout the body, a macro- 
scopically uniform energy deposition would 
seem desirable. In these events it would 


be preferable to specify dose and its 
variation in rads. In general, a given 


distribution of exposure dose in the body 
does not produce the same distribution of 
absorbed dose. The use of the latter 
measure introduces a complication in that 
it varies per roentgen, with the tissue type, 
and also for any given tissue depending on 
its proximity to other tissues. This vari- 
ation is a function of radiation quality. 
Thus, a bone-marrow cell adjacent to 
the inorganic matrix of bone will receive 
more energy per roentgen of exposure than 
a cell which is further removed from the 
matrix (6-8), and this difference will 
change with radiation quality. To the 
extent that these nonuniformities in ab- 
sorbed dose per roentgen have a significant 
biologic effect, their tedious evaluation 
in rads would be important. Fortunately, 
as will be discussed later (p. 23), it ap- 
pears that these differences have little 
effect on the results of whole-body irra- 
diation. Therefore, it would appear to be 
a needless complication in practice to 
elucidate those variations in absorbed dose 
dependent on tissue type. Moreover, the 
roentgen rad ratio for soft tissue varies 
little over the range of x-ray qualities 
in general use for whole-body irradiation 
(see Table I) (9), so that the absorbed 
dose in soft tissue becomes the tissue ex- 
posure in roentgens multiplied by a con- 
stant. 

Under the above circumstances, it ap- 
pears immaterial whether dose in rads or 
“tissue’’ exposure dose in roentgens is 
specified. Factors which affect the bio- 
logical response of the body must also be 
stated in order to complete the dose 
specification. Therefore, a description of 
the radiation quality and the time-dose 
relationship is also required. 


2. LIMITATIONS OF UNIFORMITY 
The degree of nonuniformity of (tissue) 
dose throughout the body which is toler- 


able for successful therapy of the types 
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TABLE I: ABSORBED DOSE IN RADS PER ROE NTGEN oF 
EXPOSURE DOSE FOR TYPICAL PRIMARY X-Ray Spectra, | 
USED IN DEEP THERAPY ‘S 





Mean Conversion 


Filter h.v.l 


Peak kv Factor 
(mm.) (mm.) 
Water Muscle 
250 0.17Cu + 3 1.0Cu 0.95 0.95 
Al 
250 0.9Cu + 3 2.0 Cu 0.96 0.96 
Al 
280 st 3.1 Cu 0.97 0.965 
400 10Cu 0.97 0.97 
1000 2.8W2.8Cu 10 Cu 0.975 0.965 
2000 3.1 Au 13 Cu 0.975 0.965 


Co ; 0.974 0.965 


* From Handbook 62, National Bureau of Standards (9) 


mentioned is unknown. Since one is)” 
presumably attempting to inactivate wide. | 
ly disseminated entities, acceptable wai | 
formity might be said to reside between a} 
minimum dose sufficient for inactivation | 
and a maximum dose insufficient to pro- 
duce lethal effects. 
As an example, in the attempted treat: | 
ment of leukemia with whole-body irra 
diation foliowed by the infusion of homol-| 
ogous bone marrow, the radiation dose) 
delivered is that estimated to produce 1)! 
per cent lethality as a result of bone mar 
row depletion, 7.e., the LD 100 30 dose © 
This dose level is very close to the limit ® 
of intestinal tolerance. Fishler e¢ al. (10) 
for example, have observed that in one 
strain of rats for which the LD 100 3If 
was about 700 r, the delivery of 800 1h 
produced death in five to six days from 
the acute intestinal syndrome, against 
which bone marrow offered no protection 
Quastler has noted uniform deaths i 
rats in three or four days due to intestinal 
damage at doses of 1,000 r and over (II) 
The acute intestinal syndrome may al” > 
be induced by local irradiation of the whole 
abdomen. An upper limit of gross dose 5 
uniformity is therefore set by this com 
sideration and may be regarded as ali 
abdominal dose 15 to 20 per cent above 
the average. The lower limit, on th 
other hand, is set by the necessity to te 
duce the bone-marrow cell population 0% 
a sufficiently low and damaged level 0 E 
prevent autogenous repopulation. This 
limit is not known. Jacobson, Marks 
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and Gaston (12) have observed, however, 
that marrow taken from isologous donors 
eight days after they have received 600 r 
of whole-body irradiation, is as effective 
as normal marrow in promoting survival 
in mice subjected to an LD 100 of 900 r. 
Ina similar experiment, Berman and Kap- 
lan (13) observed that equal numbers of 
nucleated marrow cells, whether unirra- 
diated or irradiated with 400 r, conferred 
equal protection against LD 100 doses. 
Thus, the lower limit of uniformity may well 
be not more than 30 per cent below the 
average (LD 100) dose delivered. It would 
be expected, however, that this limit would 
depend on the type and volume of tissue 
receiving the lower amounts. 

One might also derive the requirements 
of uniformity by considering the limits 
achieved in small animals in which success- 
ful homografts of bone marrow and other 
tissues have been made. In such experi- 
ments it is easy to arrange a relatively 
uniform distribution of exposure dose 
throughout the animal. For example, 
in mice irradiated unilaterally at 70 cm. 
F.S.D., with x-rays of 1.2 mm. Cu h.v.1L, 
Corp (14) has measured a variation of 
exposure dose throughout the body of 
+8 per cent to —14 per cent about the 
dose in air at the midplane. This was 
the dose variation in mice which recovered 
from leukemia after LD 100 whole-body 
irradiation followed by bone-marrow graft- 
ing (15). With bilateral opposing fields 
in larger animals, a uniformity of +5 
per cent can be obtained (14). The 
thickness of bone and lung is not great 
enough to modify this uniformity sub- 
stantially. In man the tissue thicknesses 
in the radiation beam are much greater, 
rising to 35 cm. or more for radiation de- 
livered laterally. This fact alone might 
lead to a non-uniformity of exposure dose 
of +30 per cent (16). The bones are 
thick enough, particularly in the pelvis, 
to produce radiation screening effects on 
tissue in their shadow. For example, as 
shown in Figure 1, 1 em. of hard bone will 
reduce depth dose by 15 per cent with 
radiation of 1.5 mm. Cu h.v.1., and by 5 per 
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PHOTON ENERGY 
Fig. 1. Variation of shielding effect of 1 cm. of hard 


bone with photon energy. (From Meredith, W. J.: 


Some Aspects of Supervoltage Radiation Therapy. 
Am. J. Roentgenol. 79: 59, 1958. Reproduced by per- 
mission of the author and publisher. 


cent with Co” gamma rays (17). On the 
other hand, the presence of lung increases 
the depth dose at other tissues in the beam 
path. For example, in a treatment with 
opposed fields normal to the coronal plane, 
with Co” gamma rays, the anterior rib 
dose is calculated to exceed the sternum 
dose by 15 to 20 per cent. Thus, there 
are intrinsic limitations to dose uniformity 
in the human body of the order +15 
per cent. In view of this unavoidable 
departure from the uniformity attain- 
able in small animals, it is suggested that 
the nonuniformity which is design-de- 
pendent should be kept to a minimum. 
Somewhat arbitrarily, a ratio of maximum 
to minimum of 1.1 of exposure dose 
throughout a unit-density body is sug- 
gested. 
3. KINDS OF UNIFORMITY 

The expression of dose as exposure dose 
measured in the body, eliminates from our 
consideration the complex variations in 
absorbed dose in and near different types 
of tissue. Variations in exposure dose 
occur in three dimensions through the 
body; for convenience they may _ be 
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Fig. 2. Nonuniformity of exposure dose rates in free 


air across wide x-ray beams from machine generators. 
The maximum beam widths at 6 feet distance set by the 
primary collimation of the source housing are: AB 30 
inches, CD 48 inches, EF 51 inches. 


discussed in three geometric directions 
at right-angles to each other. Thus, 


there are variations in the anteroposterior 
direction and in the left-to-right direction 
in multiple planes distributed along the 
head-to-foot axis. 


4. TWO DESIGN PREMISES 

Before discussing the design of whole- 
body irradiation facilities, it is necessary 
to distinguish between two premises on 
which designs may be based. Premise A 
is that the required spatial uniformity of 
dose throughout the body may be achieved 
by the sequential addition of two or more 
treatment fields. Under this premise the 
treatment may consist of two or more 
complementary irradiations, performed at 
different times, each producing a nonuni- 
form dose distribution. Premise B_ is 
that the required uniformity must be 
obtained simultaneously in all tissues. 

There appears to be little experimental 
evidence bearing on the necessity for si- 
multaneity. The underlying idea is that 
a time-lag between nonuniform single 
irradiations may allow movement of some 
cells or other entities of importance so 
that they are always located in a zone 
of low dose-rate (3). In the case of leu- 


kemic cells in the general circulation, this 
cogent argument, 


is a which eliminates 
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divided field technics. 
that bilateral or multilateral fields, each 
covering the whole body but applied ¢. 
quentially, would be less effective than g. 
multaneous uniform treatment. In fact 
in much experimental animal work in this 
area it is usual to employ sequential uni- 
directional fields. 
critically sick patients maintenance of one 


simple position throughout treatment would | 
Hence, simultaneity would | 


be preferable. 
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It is less certain | 


However, in the case of © 
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be a desirable attribute of the optimal ra- | 


diation facility. 
5. PREMISE A METHODS 


Single Radiation Source 
The simplest and most usual facility 
for the delivery of whole-body irradiation 
comprises one radiation source. The de. 
sign of such a treatment would normally 
exclude the use of segmental partial body 


Sere reemenr rN EOS PTAC S NE 


irradiations because of overlap or underlap | 
uncertainties, which might well result in | 


serious underexposure of some tissue vol- 
umes while producing an extensive over- 


exposure in the abdomen which might 7 


prove lethal. Thus, it is desirable to plana 
treatment with fields which encompass the 
whole body. The human body thickness 
is too large to permit treatment with one 
field only. Under certain circumstances 


adequate uniformity may be obtained 
with opposing bilateral fields. 
Choice of Distance: The distance is 


determined by the requirement that the 
exposure dose rate over the area presented 
by the body must be uniform. If the 
body is prone or supine, uniformity must 
be achieved over a 6-foot transverse dis- 
tance. For +5 per cent uniformity 
(max./min. 1.1), the inverse-square 
law alone dictates a treatment distance of 
at least 9 feet. With machine sources of 
radiation, however, the polar variation 
of x-ray intensity with beam angle is more 
important than the inverse-square law. 
In Figure 2 the variation of dose rate across 
three wide x-ray fields is shown. For a 
typical 200-kv machine producing x-rays 
with a h.v.]. of 1 mm. Cu, a distance of 
1S feet is required for an exposure dose 
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TaBLe II: \ 
(20 X 20cm. opposing fields; 


DESIGN OF FACILITIES FOR UNIFORM WHOLE-Bopy IRRADIATION 


MAXIMUM AND MINIMUM DosEs RELATIVE TO 100 R MIDPLANE EXPOSURE DOSE IN AIR 
110 cm. midplane distance; 20 cm. total thickness) 
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uniform to +5 per cent over a 6-foot 
span; and 13.5 feet for uniformity within 
+10 per cent. For a particular 2-Mev 
Van de Graaff generator, +5 per cent 
uniformity of air-exposure dose requires 
92.5 feet, and +10 per cent uniformity 
16.2 feet. These distances (even for +10 
per cent uniformity) are greater than those 
normally available in rooms for conven- 
tional x-ray therapy. 

To some extent the distance require- 
ment may be minimized by the use of a 
“beam-flattening”’ filter which equalizes 
intensity across the beam. The treatment 
distance is then determined by the angle 
of the cone of radiation emerging from 
the primary collimation in the housing of 
the unit. For example, in the case (Fig. 
2) of the Van de Graaff generator men- 
tioned above, a beam of 6 feet width is 
subtended at a distance of 17 feet, while 
in the case of the 200-kv unit about 10 feet 
are required. Shorter distances may be 
utilized only with nonstandard housings. 
If a radioisotope source of gamma rays is 
used with a special wide-angle collimator 
and a beam-flattening filter to compensate 
for inverse-square law attenuation, a 
treatment distance of 5 feet would be 
leasible. 

With these distances the radiation beam 
must be directed horizontally. It would 
be preferable to have the patient lie on 
each side in turn so that his anteroposterior 
thickness is presented to the beam. It 
may be desirable to treat very sick patients 


in a supine position, but in that event dose 
uniformity through the body will suffer. 

In an attempt to minimize the distance 
requirement, patients have been given 
whole-body irradiation in a sitting position 
with the head lowered onto the knees, 
opposed beams of radiation being deliv- 
ered through the flanks. The patient 
may then be fitted into a circle of 36- 
inches diameter (18). Under these cir- 
cumstances, the distances quoted above 
may be halved. Again, however. it is 
emphasized that the thickness of the pa- 
tient presented to the beam will be the 
maximum lateral dimension. 

When distances are as great as 3 meters, 
distance variation has little effect on the 
dose distribution through the body 
achieved with opposing fields. The depth 
doses are then essentially those obtainable 
with a parallel beam (infinite distance). 

Choice of Radiation Energy: Since with 
conventional small fields, the quality of 
the radiation beam has a marked effect 
on depth dose, it is important to examine 
its effect on dose uniformity in whole-body 
treatment. In contrast to the wealth of 
information on depth dose distribution for 
small fields over a wide range of beam 
energy, little information is available for 
very wide fields. As a beginning, one 
may analyze central-axis depth-dose data 
for opposing 20 X 20-cm. fields in a 
phantom 20 em. thick at 100 cm. F.S.D. for 
energies ranging from 200 kvp to 8 Mevp. 
The basic depth dose information is largely 
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derived from Supplement 5 of the British 
Journal of Radiology (19). Back-scatter 
factors have been taken from a survey by 
Greening (20); for the higher qualities, 
average values of published data fitted toa 
smooth curve have been used (21). In 
Table II maximum and minimum doses 
throughout the phantom are presented as a 
percentage of air dose measured at the mid- 
plane. These figures are plotted in Figure 
3. It is apparent that under these condi- 
tions the minimum and maximum doses 
remain at about SO and S87 per cent 
respectively of the midplane exposure dose 
in air over a wide range of quality from 
about 7 mm. Cu h.v.]. to Co” energies. 
At lower energies the divergence between 
maximum and minimum increases, but 
both are closer to the midplane air dose. 
At higher energies the divergence between 
maximum and minimum becomes smaller, 
and both approach 90 per cent of the mid- 
plane air dose; at these energies, however, 
there will be a zone of undertreatment at 
both skin surfaces. 

Beside its usefulness in establishing 
values of exposure dose through an irra- 
diated subject, the quotation of dose as a 
percentage of midplane air dose has 
another important significance. For high 
radiation qualities the dose delivered to 
relatively thin regions of the body, such 
as the lower limbs and the neck, will 
closely approach this midplane air dose 
(Fig. 4). Hence, the divergence between 
the minimum dose and the air dose (100 
per cent) is a measure of the nonuniformity 
of treatment along the axis of the body. 

It is to be expected that increases in 
field size beyond 20 X 20 cm. will produce a 
small improvement in the ratio of max- 
imum to minimum and cause them to be 
more nearly equal to the midplane air 
dose. Figure 4 is plotted from the Co” 
depth data of Dixon, Garrett and Morri- 
son (22) at 125 cm. source-skin distance, 
which includes a field size of 25 X 25 cm. 
At this field size the maximum dose is 
only 4.7 per cent greater than the min- 
mum; 1.7 per cent is attributable to the 
ilverse-square law. Hence, at distances of 
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EFFECT OF TISSUE THICKNESS ON DOSE 


TABLE III: 
UNIFORMITY FOR BILATERAL TREATMENT 





Per cent of Midplane Air Dose 


Tissue Ee 3 Cc ary 
jieiinese .Vv.165mm u Cobalt 60 
(cm.) Max Mid- Mz 

Midplane Max. ~.9* | tee | oe 
Min plane Min 

10 126 126 96.1 96.1 

14 114 114 84.8 90.7 
18 100.7 102.6 1.018 84 86.5 1.03 
20 94.9 49 1.06 80.5 84.6 1.05 
24 83 94.5 1.14 74.6 $1.3 1.09 
28 70.7 90.3. 1.28 68.8 79.5 1.16 
32 60.8 88 1.45 02.5 78.4 1.25 
35 55.1 87.5 1.50 58.4 78 1.34 
From Sinclair and Cole: 3 mm. Cu, 1200 sq. em., 190 cm, 


F.S.D. (16). Dixon, Garrett, and Morrison: Cobalt 60, §25 sq. 


em., 125 cm. F.S.D. (22) 


several meters, a difference between max- 
imum and minimum of only 3 per cent is 
expected through a section 20 cm. thick. 

It is evident that with supervoltage 
radiation a more uniform dose will be 
delivered to a volume of tissue with a 
constant thickness of 20 cm. than with 
200 to 400-kvp radiation. Table III 
extends this finding and shows that greater 
uniformity is also achieved by _ super- 
voltage radiation in the treatment of 
bodies of variable thickness. This table 
has been calculated from the depth dose 
data of Sinclair and Cole (16) for x-rays of 
h.v.l. 3 mm. Cu, with fields of 1,200 sq. 
em., and of Dixon, Garrett, and Morrison 
(22) for Co® gamma rays with a field size 
of 625 sq.cm. It isapparent that, with the 
lower quality of radiation in a body of 20 
cm. maximum thickness, the dose varies 
from 95 to 126 per cent of the midplane air 
dose, whereas with Co the variation is 
from SO to 96 per cent. If, however, the 
radiation is delivered through the flanks of 
a patient with a lateral hip dimension 
35 em., the situation is much worse; the 
variation at 3 mm. Cu h.v.1. being from 55 
to 126 per cent of the midplane air dose, 
and with Co™ 58 to 96 per cent. 

Bond et al. (23) have measured the dose 
distribution in a cylindrical phantom 26 
em. long and 26 em. in diameter, irradiated 
with Co gamma rays at a source-skin 
distance of 100 cm. The doses at the skin 
and at the cylinder axis were 79 and 70 








per cent respectively of the axis air dose. 
These figures agree well with those in 
Table ITI. 

In order to determine whether better 
uniformity than that suggested above for 
Co® would be secured for whole-body 
irradiation, preliminary measurements 
have been made in an elliptical Masonite 
phantom. The dimensions were those of 
the lower trunk of an average adult 
(20 ecm. anteroposterior X 35 cm. lateral 
x 25 em. high). The phantom was 
irradiated with 2-Mev x-rays and with 
radium gamma rays. Relative exposure 
dose measurements were made with air 
wall ionization chambers | cm. in diameter, 
at points along the central axis. The 
results, summarized in Table IV, confirm 


TABLE IV: MEASUREMENTS OF UNIFORMITY 
WHOLE Bopy BILATERAL IRRADIATION 


FOR 


Ratio Max./Min. 


Source to Dose 
7 h.v.l Mid- é 
Radiation 
mm plane A-P Lat 
(cm fields fields 
2 Mevp X 13 Cu 125 1.04 1.35 
Radium 122 


1.035 


the calculations of Table III for 20 cm. 
and 35 cm. tissue thicknesses and Co” 
gamma rays. 

It is therefore not possible to irradiate 
an adult human body with opposed radia- 
tion fields through the flanks and achieve 
a dose distribution uniform to +5 per cent. 
Even with Co” gamma rays, the uni- 
formity through an unbolussed adult body 
would be about +25 per cent. With 
opposed anterior and posterior fields, it is 
possible with Co” or similar hard radiation 
to attain about +10 per cent uniformity 
without bolus. If the body is bolussed to a 
uniform thickness, then a uniformity of 
dose better than per cent can be 
achieved. ‘These calculations ignore the 
inherent nonuniformity produced by bone 
and lung. 

It has been suggested (4) that the non 
unifermity of absorbed dose in the marrow 
is a further reason for the use of super 
radiation in whole-body treat 


te 5 


voltage 


EDWARD W. WEBSTER 





July 19 FF Vol. 75 





ments. Spiers (6) and Wilson (7) haye 3 
discussed the nonuniformity of ionization, 7 
that occurs in soft tissue close to hari 
bone, due to the greater electron fly 
generated in the bone by x-rays. Thus 
x-rays of 1.5 mm. Cu h.v.l. will produce 
about twice as much ionization per cubic 7 
micron in marrow cells adjacent to bone | 
cortex as in cells farther from the cortex 
than the electron equilibrium distance, 
On the other hand, for 2-Mevp x-rays the 
difference is cnly a few per cent. Bone 
marrow will therefore absorb more energy | 
per roentgen at low radiation energies than 
at high radiation energies. Recently, 
however, Epp, Woodard, and Weiss (s) 
have calculated in detail the average 
absorbed dose received by the bone mar. | 
row of mice per roentgen of 250-kvp x. | 
rays and of Co gamma rays. They 
conclude that the difference in average | 
dose is not more than 5 per cent. More. | 
over, Sinclair, Blackwell, and Humphrey 
(24) have measured the relative biological 
effectiveness of 200-kvp x-rays and Co* 
gamma rays in producing bone marrow © 
damage as indicated by changes in iron 
uptake. Sinclair has concluded (25) that 
this relative biological effectiveness is 
little different from that with other bio- 
logical end-points not involving bone § 
marrow. Hence, the nonuniformity of F te 
ionization in bone marrow does not appear F tab 
to be a significant factor in producing lary 
lethality and is not, therefore, a cogent ma 
reason for using high-energy radiation. 5 to 
Meredith (17) has calculated the extent FF dos 
to which a layer of bone will shield tissue 7) 'S 
beyond it in a beam of radiation. The dis 
per cent change in depth dose per centi- _= 
meter of hard bone is given in Figure 1 as 4 Pe 
a function of radiation energy. In the 4 8 
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adult human pelvis it is estimated that adi 
thicknesses of cortical bone up to 2 cm. : 
may be encountered by radiation traveling * 
inward toward the body axis. The depth a 
doses in the shadow of a 2 cm. thickness ab 
will be reduced by 30 per cent with x-rays a 
sti 


of 2 mm. Cu h.v.l. and by about 10 pet 
cent with 2-Mevp or Co radiation 
Some of the marrow inside these bones tre 
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will be shielded by approximately these 
same amounts. The relative lack of 
shielding by bone constitutes a further 
good reason for using high-quality radia- 
tion—in this case, the higher the better. 

In summary, the principal disadvantage 
of conventional single sources is the large 
treatment distance necessary for accep- 
table dose uniformity, and hence the 
large treatment room which would nor- 
mally require special design. The radia- 
tion source-strength for a given treatment 
dose rate likewise becomes great, since it 
is utilized very inefficiently. A further 
disadvantage is the undesirability of treat- 
ing a sick patient lying on his side for long 
periods of time, which is necessary if 
reasonable uniformity is to be attained in 
adults. 


Multiple Sources 


Uniformity of dose equal to that attain 
able with a single source may be achieved 
ina smaller room and with smaller source 
strengths by employment of more than one 
source. Moreover, the patient may then be 
treated in the prone and supine positions, 





Effect of treatment distance on dose uniformity 


while securing the best available uniform- 
ity of dose. 

With two sources arranged in the central 
sagittal plane, the treatment distance for 
achieving air dose rates uniform within 
+5 per cent is only 3 feet to the mid- 
plane of the patient. With three sources 
arranged along a line in the central sagittal 
plane the treatment distance may be even 
shorter. 

Reduction of the distance of the radia- 
tion sources from the body causes two 
effects which must be examined before an 
optimum distance may be chosen. 

Choice of Distance: The distribution of 
exposure dose through a body 20 em. thick, 
irradiated bilaterally, is essentially uni- 
form at treatment distances greater than 
1 meter. The distribution becomes 
uniform at shorter distances because of the 
inverse-square law. This illustrated 
in Figure 5, prepared from standard depth 
dose tables (19) for Co", with the largest 
quoted field size, 20 X 20 em. At 60 


less 


is 


cm. to the midplane, the midplane dose is 
SS per cent of the maximum dose. 
figure shows, 


The 


however, that the overall 
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sources. 





EDWARD W. WEBSTER 


July 19 


100 2100 
102 100 
98.5 95 99.5 95.5 33 94 
a) SOURCE -AXIS DISTANCE 122 cm (b) SOURCE-AXIS DISTANCE 92 cm 
2 Opposing fields 2 Opposing fields 
“INn ™“ ” if 
00 100 
96 96 
9 a5 8! 91 9I 98 
' a ™\ 
C SOURCE -AX S DISTANCE 75cm (d) SOURCE-AXIS DISTANCE 75 cm 
2 Opposing fields 4 Sources each 30 cm. laterally from axis 
Fig. 6. Dose distributions through body section from wide opposed fields of radium gamma rays: effect of source- 


axis distance and source distribution. 


variation between dose to the thick sec- 
tions of the body (e.g., abdomen) and to the 
thin sections (e.g., neck cr legs) does not 
change much with treatment distance. 
We conclude that the degree of uniformity 
over the whole of an unbolussed body is 
not significantly affected by the source to 
midplane distance down to 60 cm. 

A series of experiments has been per- 
formed to examine the effect of source 
distance and source arrangement on the 
dose distribution throughout a solid Ma- 
sonite phantom of elliptical shape, as pre- 
viously described. Comparative measure- 
exposure were made at 
five strategic points in one plane in the 
middle of the phantom, which was irra 
diated bilaterally from anterior and pos 
terior aspects with two or more radium 
The results are shown in Figure 
As the source-axis distance is reduced 
from 122 to 75 em., the ratio of maximum 
to minimum dose in the central sagittal 


of dose 


plane falls, as previously predicted. More 
important, however, is the reduction of 
dose at the flanks of the phantom when the 
source distance falls below 3 feet (92 
cem.). This is presumably due to increased 
oblique tissue absorption as the distance is 
reduced. The limitation can be over- 
come by doubling the number of sources 
and moving their position to paraxial 
planes located laterally to the phantom. 
Figure 6 (d) shows measurements made 
with four radium sources located sym- 
metrically on opposite sides of the phan- 
tom, the sources on each side being 60 cm. 
apart. ‘This distribution should be com- 
pared with Figure 6 (c). 

With three or more sources arranged c0- 
linearly on one side of the patient, it is 
necessary that the end sources be stronger 
than the central source or sources in order 
to obtain axial uniformity of dose. Thus, 
with three sources at 3 feet from the body 
end source should have 4 


axis, each 
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strength 250 per cent of that of the 
central source. The axis air dose is then 
uniform to within 2 per cent. 

Special Multiple-Source Designs: Two 
limiting examples of multiple-source ar- 
rangements designed for opposing field 
treatments are an extended line source 
and an extended area source. Unless 


> these sources are considerably more exten- 
’ jve than the body to be treated, they 
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hates Nerik igen 


must be nonuniformly loaded. Thus, a 
line source would be of the “‘dumb-bell”’ 
type described by Tooze (26) for radium 
therapy, with increased source concentra- 
tion at the ends of the line. The area 
source would require some peripheraliza- 
tion of the source material along the 
lines of the Paterson and Parker rules for 
radium surface applicators. 

Hummon and Landauer (27) have con- 
structed a linear source 200 cm. long, con- 
taining cesium 137. Their measurements 
show that at 60 or SO cm. from the source, 
the dose rate is tolerably uniform over 
about 60 per cent of the length. Hence, for 
a 6-foot long man, the source length 
required would be about 3 meters or 10 
feet. 

Whole-body irradiation units of this 
tvpe could be installed in the vicinity of 
nuclear reactors where the radiation source 
could be a radioactive gas or liquid, 
preferably of short half life, circulated 
through the reactor and through containing 
tubes external to the reactor. Such loops, 
using liquid metals such as an indium- 
gallium eutectic with high thermal neu- 
tron cross-sections and gamma-emitting 
products of short half-life, are presently 
under development (28) for the industrial 
irradiation of pharmaceuticals and plastics. 
A thermal reactor itself with modifications 
of the shielding would provide an extensive 
area source of desirably energetic gamma 
rays, producing a uniform radiation field 
over the 6 X 2.5-foot area of the supine, 
prone, or standing patient. 

6. PREMISE B METHODS 

If premise B is accepted, then it is 

hot possible to move the patient or the 





DESIGN OF FACILITIES FOR UNIFORM WHOLE-Bopy IRRADIATION 


29 


radiation source for sequential treatments. 
It then becomes necessary to provide a 
composite radiation field, producing a 
uniform dose rate throughout the whole 
body. This may be done by providing 
mirror images of the systems discussed 
above. This would nearly double the 
cost of the irradiator and may double the 
size of the treatment room required. 

Two-Source Unit: Unless beam-flat- 
tening filters are employed, teletherapy 
units containing gamma-emitting sources 
of cylindrical profile (to equalize self- 
absorption), should be 18 feet apart for 
+5 per cent uniformity of air exposure 
dose. With beam flatteners and special 
wide-angle collimators, the distance could 
be reduced to 10 feet. Machine sources 
would require much more severe beam 
flattening for use at this latter distance. 

Four-Source Design: If four sources are 
located at the corners of the mid-sagittal 
plane with two above the body and two 
below the body, 6 feet apart, then the 
optimal distance above and below the 
central plane yielding air dose uniformity 
to +1 per cent is 4.25 feet. If the sources 
are brought in to 3.5 feet from the central 
plane, the air dose uniformity drops to 
+5 per cent. An improvement at this 
distance is effected if the distance be- 
tween the sources is changed to 5 feet, 
which produces an air dose uniformity of 
+ 2 per cent over a (-foot distance along the 
principal axis. 

Six-Source Design: The major reason 
why a six-source unit might be preferable 
to a four-source unit is the shorter source 
distance, which allows smaller source 
strengths to be used. It has already been 
shown, however, that 3 feet is the min- 
imum distance from centrally placed 
sources to give adequate dose to the 
flanks. Hence, this design will have little 
or no advantage over the simpler, more 
economic four-source unit. 

Eight-Source Design: As mentioned 
above, the substitution of two laterally- 
placed sources for each central source 
will increase the dose delivered to the 
flanks of a supine patient. This of 


is 
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importance only for source distances less 
In general, it would be more 
economical to use as few sources as pos- 


than 3 feet. 


sible (especially if in teletherapy housings) 


at the cost of longer source distance and 


greater source strength. 

Cylindrical Sources: 
bilateral systems of point sources, line 
sources, or parallel planes may be elabo- 
rated into multilateral systems of which 
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Fig. 7. 
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expectation that a cylindrical source pro- : 
duces a distribution almost identical] with 


that obtained with bilateral irradiation 
In fact, similar diametral distributions 
are obtained for a ring source, a 4, 
(spherical) source, multilateral, and }j. 
lateral exposures. The human _ body 
however, has an elliptic section. This 
causes regions of high dose to occur at the 


flanks of a patient when treated with a : 
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B) ROTATION 


Dose distribution in elliptical body from radiation field with cylindrical symmetry 
A. Circle with ten radium sources, 3-foot radius. 


B. Rotation with 2-Mevp x-rays, target-axis 3 feet. 


the practical end-point is a cylindrical 
irradiator encompassing and coaxial with 
the body. Spiers has discussed in great 
detail the distribution of exposure dose in 
free air inside cylinders of a wide range of 
geometry, uniformly loaded over their 
cylindrical surface (29). The dose pattern 
has cylindrical symmetry, with dose falling 
from the central plane toward the ends of 
the cylinder and rising radially toward the 
wall of the cylinder. For example, inside a 
cylinder 3 feet in diameter and 6 feet long, 
the central axis air dose varies from 100 
to about 60 per cent and from 100 to 110 
per cent over the central 18-inch diameter 
cylinder. For whole body irradiation this 
axial variation must be corrected, as for 
the line source, by heavier loading of the 
cylinder ends. 

The work of Bond et al. (23), who have 
measured the dose distribution in a cylin- 
drical phantom 26 cm. in diameter, irra- 
diated with Co® gamma rays, confirms the 


cylindrical source or with a wide rotating 
beam. The effect is due to the inverse- 
square law and to the increased tissue 
absorption across the lateral dimension. 
In a 20 X 35-cm. body section, the dose 
distribution with a cylindrical or rota- 
tional approach is notably poorer than that 
achieved with opposed anterior and poste- 
rior fields. Figure 7 illustrates this conclu- 
sion. The 20 X 35-cm. elliptical phantom 
previously described was irradiated by 4 
ring source consisting of ten equal radium 
sources spaced evenly around a circle oi 
3 feet diameter. Figure 7, A shows the 
relative dose rates measured at 5 strategic 
points. With wide-field 2-Mevp x-ray 
data, the distribution was calculated for 
the same five points for a rotational ‘‘whole- 
body”’ treatment with a target-axis distance 
of 3 feet. This result, shown in Figure /, 
B, agrees fairly well with the experimental 
result, and emphasizes the lateral nonunt- 
formity. 
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7. EXISTING WHOLE-BODY IRRADIATION 
UNITS 


There are presently at least three 
specially designed installations for whole- 
body irradiation in the United States. 
These illustrate the advantages and dis- 
advantages of several approaches we have 
discussed. 

The earliest installation was at the 
Naval Medical Research Institute (30) 
in Bethesda, Maryland. It consists of 
100 separate Co® slugs which are trans- 
ferred pneumatically in 60 tubes from a 
storage place into predetermined positions 
on a surface surrounding an animal or 
patient. This unit attempts to provide a 
spherical source surrounding the body and 
has the same limitation of dose non- 
uniformity as would a cylindrical source. 
The presence of such a large number of 
moving sources has produced maintenance 
problems mostly concerned with source 
leakage and the effects of radiation on the 
washers which support the _ radiation 
sources as they slide in the manifold tubes. 
From a maintenance and cost point of 
view, a few single sources would be better. 


Drs. Sahler, Ferrebee, and Thomas 
(3, 31) at the Mary Imogene Bassett 
Hospital in Cooperstown, New York, 


have two Co® teletherapy units arranged 


to irradiate a patient bilaterally in wide. 


horizontal beams. If an adult patient is 
prone or supine, there will be dose uni- 
formity of the order +30 per cent, as 
discussed earlier. The treatment room 
has been specially designed so that it 
allows a distance of 3 meters from each 
source to the axis of the patient and has 
an overall length of 23 feet. The concrete 
walls have a thickness greater than 3 
feet. 

A third, specially built facility has been 
designed by Mr. Leon Pape at the City of 
Hope Medical Center in Duarte, Cali- 
lornia (32, 33). This unit follows the prin- 
ciples of the eight-source design discussed 
earlier and provides the most uniform 
dose distribution of these three units. 
The sources are each 300 curies of cesium 
137 and are arranged in two planes, each 
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Fig. 8. Four-source total-body irradiator. Uniform- 
ity of exposure dose in free air at midplane +2 per cent. 
Overall uniformity of exposure dose in unbolussed body 
20 em. thick +10 per cent. 


containing four sources at the corners of a 
cuboid 6 feet high, 6 feet long, and 5 feet 
wide, with the patient along the central 
longitudinal axis. 


S. OPTIMUM FACILITY DESIGN 


There are clearly many methods by 
which acceptable dose uniformity may be 
achieved. The merit of different facilities 
may, however, be judged on the basis of 
the following desirable characteristics: 

1. Small size, to minimize the capacity 
and cost of the radiation source, the neces- 
sary shielding, and the necessary alloca- 
tion of building space. 

2. Source disposition above (and pos- 
sibly also below) a patient to allow anterior 
and posterior treatment in the supine 
position. 

3. A minimum number of sources to 
reduce costs of housings, maintenance, 
and renewal, and to reduce hazards of 
leakage, contamination, or jamming with 
radioisotope sources. 

4+. A simple procedure for source ex- 
posure and cut-off. 

A four-source design utilizing Cs!*’ is 
shown schematically in Figure 8. It 
appears to satisfy most of these criteria. 
The source distance is large enough to give 
adequate dose uniformity while allowing 
the whole unit to fit into a therapy room 
of conventional size and height. The well 
developed technology of teletherapy hous- 
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ings is utilized, although the collimation 
requirements are unusual. Primary beam 
protection is limited to the regions above 
and below the unit. 

The use of units such as this, which 
provide a high degree of dose uniformity, 
permits the accurate translation to the 
patient of technics developed with small 
experimental animals. It may well be 
that the clinical usefulness of whole- 
body irradiation can be demonstrated only 
in these costly and special facilities. 


Massachusetts General Hospital 
Boston 14, Mass. 


REFERENCES 


1. McGovern, J. J., JR., RUSSELL, P. S., ATKINS, 
L., AND WEBSTER, E. W.: Treatment of Terminal 
Leukemic Relapse by Total-Body Irradiation and In- 
travenous Infusion of Stored Autologous Bone Marrow 
Obtained During Remission. New England J. Med. 
260: 675-683, April 2, 1959. 

2. ATKINSON, J. B., MAHONEY, F. J., SCHWARTz, 
I. R., AND Hescu, J. A.: Therapy of Acute Leukemia 
by Whole Body Irradiation and Bone Marrow Trans- 
plantation from Identical Normal Twin. Blood 14: 
228-234, March 1959. 

3. Tuomas, E. D., Locute, H. L., JR., AND FERRE- 
BEE, J. W.: Irradiation of Entire Body and Marrow 
Transplantation: Some Observations and Comments. 
Blood 14: 1-23, January 1959. 

4. KurRNick, N. B., MontTANo, A., GERDES, J. C., 
AND Fever, B. H.: Preliminary Observations on the 
Treatment of Post-Irradiation Hematopoietic Depres- 
sion in Man by Infusion of Stored Autogenous Bone 
Marrow. Ann. Int. Med. 49: 973-986, November 1958. 
5. Deary, J. B., Jr.: The Theory and Practice of 
Total-Body Irradiation in the Dawn of the Homograft 
Era. Radiology 75: 11-18, July 1960. 

6. Sprers, F. W.: Influence of Energy Absorp- 
tion and Electron Range on Dosage in Irradiated Bone. 
Brit. J. Radiol. 22: 521-533, September 1949. 

7. Wirtson, C. W.: Dosage of High Voltage 
Radiation Within Bone and Its Possible Significance for 
Radiation Therapy. Brit. J. Radiol. 23: 92-100, 
February 1950 

8. Epp, E. R., Wooparp, H. Q., AND WeErss, H.: 
Energy Absorption by the Bone Marrow of the Mouse 
Receiving Whole-Body Irradiation with 250-Kv X- 
Rays or Cobalt-60 Gamma Rays. Radiation Res. 11: 
184-197, August 1959. 

9. Report of the International Commission on 
Radiological Units and Measurements (ICRU) 1956 
National Bureau of Standards Handbook 62. Washing- 
ton, D. C., Govern. Print. Office, 1957, p. 17 

1). FisHver, M. C., Coreg, L. J., Bonn, V. P., AND 
Mitne, W.L.: Therapeutic Effect of Rat Bone Marrow 
Injection in Rats Exposed to Lethal Whole-Body X 
Radiation. Am. J. Physiol. 177: 236-242, May 1954 

11. QuastLer, H Nature of Intestinal Radia 


tion Death. Radiation Res. 4: 303-320, April 1956 

12 JacoBson, L. O., Marks, E. K., AND GASTON, 
E.O Observations on the Effect of Spleen Shielding 
and the Injection of Cell Suspensions on Survival Fol 
lowing Irradiation. Radiobiology Symposium, 1954, 
edited by Z. M. Baeq and P. Alexander. New York, 


1333 


Academie Press, 1955, pp. 122 





July 1g 





13. BERMAN, 1., AND KAPLAN, H.S.: The Differes, B 
tial Action of Irradiated and Chemically Treated |. fe 
row on Survival and on Thymic Regeneration jn i Sr 
radiated Mice. Radiation Res. 11: 24-29, July 19% © 

14. Corp, M. J.: Whole Body X-Irradiation , 
Experimental Animals: A Short Summary of t) 





Methods Used at the M. R. C. Radiobiological R$ In n 

search Unit, Harwell, Between 1949-1956. Physics ip Be 2 

Med. & Biol. 1: 370-379, April 1957. “ee peutic 
15. Barnes, D. W., AND Loutit, J. F.: Trey. 5 clude ( 

ment of Murine Leukaemia with X-Rays and Homoh. © 

gous Bone Marrow. Brit. J. Haemat. 3: 241-252, Jy, © como | 






1957. medull: 


16. SIncLair, W. K., AND COLE, A.: Technic ay : 
Dosimetry for Whole-Body X-Irradiation of Patient © cemia 
Report No. 57-70. Randolph Field, Texas, AF Schoj [) tense 


of Aviation Medicine, March 1957. ‘q ‘hi 
17. Merepitn, W. J.: Some Aspects of Supe.) S&S! 

voltage Radiation Therapy. Am. J. Roentgenol, 7:8) jmmun 

57-63, January 1958. Fi ‘ 
18. MILER, L. S., FLETCHER, G. H., AND Gers. © de tisst 


NER, H. B.: Radiobiologic Observations on Canc: Pro 
Patients Treated with Whole-Body X-Irradiatio, © 
Radiation Res. 8: 150-165, February 1958. sl corport 
19. Central Axis Depth Dose Data. Brit. | §) que ut 
Radiol. Suppl. 5, 1953. J : att 
20. GREENING, J. R.: Survey of Surface Back #7 = , 
Scatter Factors for Radiations Generated at 200 t — minim 
250 kV (h.v.l. from 1.0 to 3.5 mm. of Copper. | 
Brit. J. Radiol. 27: 532-534, September 1954. | que de 
21." Wessrer, E. W.: Unpublished. | sufficie 


22. Drxon, W. R., GARRETT, C., AND Morriso) 
A.: Cobalt-60 Teletherapy Unit: Output, Depth Dos 
and Isodose Distributions, National Research Counc 


Il e 
le effe 





(Canada) Report No. 2667. Ottawa, 1952. > de un 
23. Bonpb, V. P., CRONKITE, E. P., Sonpnavs, C } : 
A., Imire, G., ROBERTSON, J. S., AND Bore, D.C: 7 de iste 
The Influence of Exposure Geometry on the Pattern oj le bast 


Radiation Dose Delivered to Large Animal Phantoms 
Radiation Res. 6: 554-572, May 1957. 

24. SrmncLtarr, W. K., BLACKWELL, L. H., anv§G 
HuMPHREY, R. M.: Iron-59 Uptake in the Red Cells oi 
Rats Irradiated with 200-Kvp X-Rays, Cobalt-) Le Th 
Gamma Rays and 22-Mevp X-Rays. Radiation Re. 7 








11: 467, September 1959. 
25. SrincLcair, W. K.: The Relative Biologica 
Effectiveness of 22 Mev X-rays, Cobalt 60 Gamma Rays 
and 200 Kv X-rays. Abstract 94, Ninth Internationa Le 
Congress of Radiology, Munich, Germany, 1959. Als total 
Personal communication. — 
26. WorTHLey, B., Tooze, J., Brown, J., AND FRI ment 
R. M.: Dosage Estimation in Radiotherapy and the lati 
Wheatley Integrator. Acta radiol. Suppl. 128. Stock reat 
holm, 1955, pp. 132-170. de alt 
27. Hummon, I. F., AND LANDAUER, R. S.: Dos 5 pore 
Distribution About Large Circular and Linear Sources: (7 F 
of Gamma Radiation. Radiology 71: 716-722, Novem: con r 
ber 1958. ‘1 . 
28. Exuis, R. H., Jr.: Russian Gamma Sources 7 aie 
Nucleonics 18: 98-99, February 1960, manc¢ 
29. Sprers, F. W.: The Radiation Field of a Con > ordin 
tinuous Cylindrical Applicator. [In] Radium Dosage: | 
The Manchester System, ed. by W. J. Meredith. Balt 5 etal) 
imore, Williams & Wilkins Co., 1948, pp.69-78. Es Le p 
30. DRAEGER, R. H., Lege, R. H., SHEA, T.E Ey conil 
Wuirten, F. I., anpb Ercuer, M.: Design and Con 5 , 
struction of a Radiocobalt Large Animal Irradiatot a medt 
Research Reports 11. Bethesda, Md., Naval Medica! 2 del 
Research Institute, 1953, pp. 1219-1236. a 
31. Sauter, O. D.: Development of a Room 5 dose 
Specifically Designed for Total-Body Irradiation. I ort 
Radiology 72: 266-267, February 1959 a ?P 


32. MeEtviLLe, L. J.: A Total-Body Irradiation FF Px 


Chamber and Its Uses. Abstract 260, Ninth Inter 5% ati 
: : : d Ono © atior 

national Congress of Radiology, Munich, 1999. ‘ 
33. Pape, L. Personal communication. In u 








July ly 

















DESIGN OF FACILITIES FOR UNIFORM WHOLE-Bopy IRRADIATION 





Dill * SUMMARIO IN INTERLINGUA 
ase int ¥ Considerationes Physic in le Emig pg eres _ le Uniforme Irradiation del 
lation © 3 orpore Total de Patientes Human 
ica Re In nostre dies le applicationes thera- 1. Micre dimensiones, a fin de reducer 
"ysis i © peutic de irradiation del corpore total in- le capacitate e le costo del fonte de radia- 
: Trew. #) clude (1) le destruction del medulla ossee _ tion, del requirite armatura, e del provision 
ao como mesura preliminari al graffage de de spatio. 
ae BS medulla ossee " rd pancreeccenewd pd peo 2. Disposition del fontes supra (€ pos- 
Paton (2 cemia acute, (2) le tractamento de ex-  <ihilemente etiam infra) le patiente pro 
F Sehui |) tense morbos maligne de typos radio- permitter le tractamento anterior (e pos- 
f Supe gr sensibile, e (3) le suppression del reaction terior) con le patiente in decubito dorsal. 
enol, 10; jmmun pro render possibile le homograffage 2 irs 

4. Le plus basse numero possibile de 
Gans fag 4€ SSH. er . fontes, a fin de reducer le costo del con- 
Cane § =) Pro iste objectivos un uniforme dose al se . west . 
adiation § corpore total es desirabile. On pote dices chas, del mantenentia, e del reimplacia- 
Brit. | § que un grado acceptabile de uniformitate ae re = & yg —— it 
« Bay f. @S attingite si le dose remane inter le ie — = a tied ag c 
2”. £) minimo sufficiente a inactivar le cellulas CO"tamination, o de interferentia quando 
‘ts _ que debe esser destruite e un maximo non mnenteitain. iit es usate como fontes. 

' sufficiente a producer effectos letal. 4. Simplicitate technic del manipula- 
— Il existe multe methodos que permitte tion pro initiar le exposition e pro obturar 
Counc} le effectuation de un acceptabile grado lo. 
avs c |. de uniformitate del dosage. Le meritos Un arrangiamento a quatro fontes, con 
D.C: de iste methodos pote esser judicate super le utilisation de cesium-137, pare satisfacer 
‘ity. |. le base del sequente criterios: le majoritate de iste criterios. 

" - SUMMARIO IN INTERLINGUA 
alt Le Theoria e le Practica del Irradiation de Corpore Total in le Era del Advenimento de 
m Res Homograffage 
“ (Pagina 11) 
la Rays 
- Le function del irradiation del corpore, dulla del recipiente, e on pote expectar que 
Be total como preparation al transplanta-  illos provide un efficace supporto durante 
wo mento de tissu inter geneticamente non le phase acute del syndrome de radiation. 
‘Stock relationate subjectos jace in le effectuation Successose graffos de medulla, represen- 
de alterationes in le responsas de anticor- tante un nove systema de recognition im- 
Bog pore. Il existe duo conceptiones theoric munologic, deberea esser tolerante con 
‘oven | con respecto al effectuation de iste pheno- respecto a altere graffos de tissu ab le 
i menos immunologic. Un de illos de- mesme donator o ab un donator de identi- 
manda alte doses de irradiation (de un tate genetic. II ha essite constatate que 
an : ordine de magnitude que es potentialmente animales que accepta tal infusiones es 
Bal letal), e le altere labora con basse doses. etiam preste a acceptar transplantationes 
Ee Le prime del duo pare esser superior. In de pelle ab le donator del medulla. 
Con conilios, le melior protection per homologe Essayos de applicar le resultatos ex- 
we | medulla ossee contra 250 kv de irradiation perimental al practica clinic esseva inter- 
del corpore total esseva obtenite post un prendite in le casos de 6 patientes. Un 
a dose total de 1.100 r administrate in duo esseva un masculo de 23 annos de etate 
portiones con un die de intervallo. in qui un ren esseva transplantate ab un 
_ Post potentialmente letal doses de radi- gemino dizygotic. Le patiente esseva vive 
} | ation, infusiones de medulla ossee resulta e clinicamente ben dece menses post le 
in un reimplaciamento functional del me- operation. 















Coronary Arteriography: Development of a Method in | 
Animals with Particular Attention to Physiologic Effect 


SIDNEY W. NELSON, M.D., WILLIAM MOLNAR, M.D., ANTHIMOS CHRISTOFORIDIS, M_D., 
and CLARENCE BRITT, MD. 


EW SURGICAL approaches (1, 2, 9) 
N offer some hope to the many persons 
suffering from occlusive disease of the 
coronary arteries. The rational selection 
of patients for surgery and, indeed, the 
outcome of the operation itself will cer- 
tainly benefit by a reliable, precise method 
of preoperative localization of diseased 
segments of these vessels and the clari- 
fication of the state of the collateral 


circulation, if such exists. Many investi- 
gators (3, 4, 5, 9, 12, 13, 15) have reported 


methods of radiographically visualizing 
the coronary circulation in living animals, 
and others (7, 8, 10, 15, 17, 18) have 
used varying technics in man. Recognizing 
the need for a practical clinical method of 
portraying the coronary artery circulation, 
our group decided to approach this goal 
by modifying our previously reported 
method of aortic valvulography (14), 
inasmuch as this technic was already an 
accepted and useful tool in our institution. 
It is the purpose of this paper to describe 
the method of coronary arteriography 
worked out in the animal laboratory, with 
special emphasis upon the physiologic 
effects. 


METHOD OF STUDY 


In our animal studies 350 injections 
were performed in 50 mongrel dogs. No 
attempt was made to appraise contrast 
materials, our efforts being directed toward 
evaluating the opacification of the coronary 
arteries as we varied catheters, speed of 
injection, injection pressure, amount and 
concentration of contrast medium, phase 
of the cardiac cycle during which the 
injection was initiated, etc. During the 
evaluation of these variables, 


we were 


! From the Departments of Radiology (S. W. N., 
versity Health Center, Columbus, Ohio 
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also interested in the electrocardiographic 
changes occurring during and after all jp. § 
jections. 

The right common carotid artery Was | 
used as the point of entry for the catheter 7 
which was then passed through the brachio. 
cephalic trunk into the ascending aorta 
Early in our experiments the tip of th @ 
catheter was placed in the desired supn. 7 
valvular region under fluoroscopic control, 
After some experience, it was learned that 
the location of the catheter tip could k§& 
accurately estimated by virtue of the 
appearance of a rather vigorous to-and- 
fro movement—2 to 3 mm.—of the entire | 
catheter as it approached the valve region. i 
If the catheter was inadvertently passed | ‘ 
into the descending aorta, this movement J 
was minimal and did mot increase in ampli- § 
tude. A very noticeable increase in 
amplitude as the catheter was gently 
advanced through the incision in the right § 
carotid artery was proof that the tip wa § 
approaching the aortic valve. 
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TYPES OF CATHETER 


Our previous investigations (14) had 
shown that the use of a single-side-opening, F 
closed-end catheter precluded the loss o 7 
contrast material through the norma F 
aortic valve into the left ventricle. With © 
the transcarotid approach, however, the (is 


tip of the catheter usually became located 4 
near the left coronary artery ostium | Fig 
because of the normal anatomic factors in B injec 
dogs. With this location, visualization of é pe 
the right coronary artery was often poor cs ~ 
if a catheter with a single side-openig fH} ¢ 
was used, though extremely good dem — recor 
onstration of the left coronary artery was 2 pe 
obtained. In order to attain good simulta — 
fe pear 
W. M., and A. C.) and Surgery (C. B.), The Ohio State Uni- & a 
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ormal 
With 
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cated 


steams 
wae Fig. 1. A. Routine method for correlating injections and exposures. The top signal records the duration of the 
Ors I |= injection which is triggered by the R wave following the closing of the relay circuit. The injection begins al- 
‘on of most simultaneously with the end of the R wave. The second signal indicates the exposures. The first exposure 
3 © can be made at any time desired after the injection begins by setting the second relay. Thus it is possible to make 
poor this first exposure during any phase of the cardiac cycle. 
ening : 3. Post-injection electrocardiogram for study of reversibility of electrocardiographic changes. _ 

°° C, D, and E are the three consecutive exposures made in lateral position in a total elapsed time of 1.2 seconds, as 
dem- § recorded in A. Time of exposures can be exactly correlated with the cardiac cycle and with the injection by study- 
r was ing the recording of these datain A. The first exposure (C) was made during late systole, as can be seen on the re- 
© cording, which shows that this exposure was made late during the ST-T part of the cardiac cycle. This correlated 











julta- B well with the appearance on the exposure, which shows the aortic valve open. The second exposure (D) was made 
during early diastole, between the end of the T-wave and the subsequent P-wave. This correlates well with the ap- 
pearance on the exposure, on which the aortic valve is seen to be closed. The third exposure (E) was also made dur- 
e Uni- ing diastole of the subsequent cardiac cycle. 


C’, D’, and E’ are line drawings of C, D, and E respectively. The right coronary artery (RC), anterior descend- 


io. ing (AD), and circumflex (cire) branches of the left coronary artery are indicated. 
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Fig. 2. 


S. W. NELson, W. MobtNar, A. CHRISTOFORIDIS, C. BRITT 


Three consecutive exposures made during a total elapsed time of 1.2 seconds. 
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First exposure (A), 


made near the completion of a one-second injection of 20 c.c. of 90 per cent Hypaque, shows good visualization of 


the major coronary arterial branches. 


Second exposure (B), made 0.6 second later, still demonstrates good visualization of the major coronary arteries 
The proximal aorta is now being cleared of the contrast material by the nonopaque blood ejected from the left 


ventricle. 


Third exposure (C), made 1.2 seconds after the first exposure, reveals almost complete clearing of the aorta 
The contrast is now diminishing in the proximal branches of the major coronary arteries. 

A’, B’, and C’ are line drawings of A, B, and C respectively, showing right coronary artery (RC), anterior de- 
scending (AD), and circumflex (circ) branches of the left coronary artery. 


neous visualization of both coronary ar- 
teries, we decided to try multiple-side- 
opening catheters made of nylon tubing in 
lengths varying from 14 to 16 inches, 
with an inside diameter of 2.5 mm. and an 
outside diameter of 3.5mm. The ends are 
closed and six to eight small side openings 
are easily drilled through the wall of the 
distal 10to15 mm. A No. 13 intravenous 
needle can be inserted into the proximal 
open end of such a catheter, and will fit 
so tightly that there is no leakage of 
contrast material during rapid injection 
under high pressure. The catheters are 
cheap and can be discarded, except for the 
needle, after each use. They were easily 
introduced through the carotid artery and 
allowed rapid injection of concentrated 


contrast material into the entire aortic 
valvular region, with subsequent improve- 
ment in the simultaneous visualization o! 
the left and right coronary arteries (Figs. 
1 and 2). 


LOCATION OF TIP OF CATHETER 


It was found necessary to inject the 


contrast material as near as possible to | 
It was therefore 


the coronary ostia. 
essential to position the tip of the catheter 
close to the aortic valve. The previously 
mentioned characteristic to-and-fro move- 
ment of the catheter became vigorous 
when the catheter tip approached a point 
1 to 2 cm. above the valve. This method 
of placing the catheter tip gave consistently 
excellent results without need for fluoros- 
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_ Fig. 3. Simultaneous biplane exposures with the animal in the supine (A) and lateral p sitions (B). Note that 
in the supine frontal projection the right coronary artery is largely obscured by the superimposed densely opaci- 
fied aorta; the left main coronary artery (LC) and the point of bifurcation into the anterior descending (AD) and 
circumflex (Cire.) branches, however, are better seen than on the lateral projection. The lateral projection shows 
the origin and course of the right coronary artery (RC) to much better advantage than does the frontal projection, 
but the dense concentration of contrast material in the supravalvular region frequently obscures the proximal few 
centimeters of the anterior descending branch of the left coronary artery. Although the lateral projection is the 
best single projection to use, we have adopted simultaneous biplane technics for more detailed study of all portions of 
the coronary arteries. 


copy. Fortunately the nylon catheters, AMOUNT OF CONTRAST MATERIAL 
although small, were too stiff to permit The method which was finally adopted— 
their passage into a coronary artery, in of using only one rapid injection of 20 to 
contrast to this danger when more flexible 30 c.c. of 90 per cent Hypaque’ through 
smaller-bore ordinary cardiac catheters multiple-side-opening, closed-end nylon 
were used. 2 Winthrop Laboratories, New York 18, N. Y. 
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Fig. 4, A-D. A. Exposure made one second after injection began shows the aortic valve open during 
systole. Proximal few centimeters of both the right coronary artery (RC) and left circumflex branch 
(Cire.) are filled. 

B. Exposure made late during the subsequent diastolic phase shows good visualization of the distal 
portions of all major branches of the coronary arteries; the anterior descending branch (AD) of the left 





coronary artery is visualized. The aorta is now completely opacified at the end of the injection. = 
C. Exposure made during early systolic phase: The aortic valve is beginning to open, with dilution 
of the concentration of contrast material in the supravalvular region due to the nonopaque blood from 
the left ventricle. Proximal portion of right coronary artery is beginning to lose its opacity. 
DD. Late during the systolic phase the nonopaque blood from the left ventricle has forced the opaque con- 
trast material into the descending aorta. The opacity of the contrast material is diminishing in the if 
proximal portions of all the major branches of the coronary arteries. l 
fal 
> XK 


catheters and simultaneous biplane filming coronary artery nearest the tip of the > 4 
(Fig. 3)—resulted in consistently good catheter, but visualization of the opposite > 4 
visualization of the coronary arteries in artery was usually less satisfactory. We ec 
dogs. This amount of contrast material therefore concluded early in the course dF 
was well tolerated by our 40-pound ani- our experiments that the nonocclusive 
mals and is proportional to 112¢.c.ina1l50- method of coronary arteriography would 
pound man. When such small amounts require larger amounts of rapidly injected 
as 4 to 6 c.c. of 90 per cent Hypaque contrast material if good visualization 0 f 
were rapidly injected, we were frequently both the right and left coronary arteriée 
able to get a good demonstration of the was to be achieved. 
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Fig. 4, A’-D’. 


TIMING OF INJECTIONS AND EXPOSURES IN 
RELATION TO DIFFERENT PHASES 
OF THE CARDIAC CYCLE 








It was observed that coronary artery 
filling occurred primarily during diastole, 
although there was also evidence of signif- 
icant coronary flow during systole (Fig. 
4). This problem was first studied with 
the aid of an electrical relay circuit which 
could be set to activate an automatic 
pressure injector at any time after the 
peak of the first R wave following closure 
of the circuit (Fig. 1). A second relay 
circuit enabled us to initiate serial filming 
at any interval after the R wave which 
triggered the injection. We finally con 
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> cluded that, with our method, it made no 
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Line drawings of A, B, C, and D. 


real difference at what time during the 
cardiac cycle the injection began, and 
the first relay was accordingly abandoned. 
However, we did retain the use of a delay 
circuit which allowed us to begin serial 
filming about midway in the course of 
the injection. Usually, with 20 to 30 c.e. 
of medium, the duration of the injection 
was approximately one second. After 10 
to 15 ¢.c. had been injected, the bolus 
of contrast material was large enough 
for opacification of the regions of the 
coronary ostia, the supravalvular region 
of the aorta, and the proximal portions of 
the coronary arteries. During the final 
half of the injection the bolus maintained 
maximum concentration in the region of 








Fig. 5 
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Series of six exposures (three on opposite page) made in total elapsed time of three seconds, starting 
during a one-second injection of 20 c.c. of 90 per cent Hypaque. 





A. First exposure made shortly after beginning of injection, showing filling of proximal portions of the left an- 


terior descending (AD) and left circumflex (circ) branches 


B. Good filling of the proximal two-thirds of these branches. 
C. Third exposure, demonstrating good filling of the entire length of the anterior descending and circumfles 
branches of the left coronary artery and moderately good filling of the right coronary artery (RC). 


the ostia of the coronary arteries, regard- 
less of the phase of the cardiac cycle or 
position of the aortic valve, and as a 
result there continuous flow of 
contrast material into the arteries. Thus, 
clearing of the aorta and coronary circula- 
tion usually began during the late part of 
the injection phase and was completed 
during the subsequent one or two seconds. 
It was surprising to us to learn how 
fleeting was the time thus available for 
filming the optimally opacified coronary 
arteries (Figs. 2,4, and 5). Inspite of this, 
we were consistently able to show good 
progressive filling on three serial films 
made within a period of one and one-fifth 
seconds during the period of maximum 


was a 





concentration of the contrast material 
near the coronary ostia (Figs. 2, 4, 5, and 
6). Opacification of the coronary arterial 


tree occurred in the course of two or three © 


successive cardiac cycles, during each ol 
which coronary visualization progressed, 
since the concentration of the contrast 
material remained at a maximum level 
in the region of the ostia. 


INJECTION PRESSURE 
If all other factors remained constaml, 
the injection pressure was related directly 
to the speed of the injection. Many 
compressed-air injectors are available, out 
device being the Gidlund. If, during the 
introduction of 20 to 30 c.c. of 90 per cent 
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At the time the fourth exposure was made the injection had been completed. 





E. Fifth exposure showing clearing of the contrast material from the proximal aorta by the nonopaque blood 


ejected from the left ventricle. 
artery branches. 
F. Last exposure: complete clearing of the aorta. 


anterior descending and circumflex branches of the left coronary artery. 


Hypaque, the injection pressure was less 
than 5 kg./cm.*, the consequent pro- 
longation of the injection resulted in poor 
opacification of the regions of the coronary 
ostia and nonvisualization of the coronary 
arteries (Fig. 7, A~-G). With pressures of 
-10 kg./em.*, it was possible to inject 
safely 20 to 30 c.c. of 90 per cent Hy- 
paque in half a second to a second, with 
good opacification of the regions of the 
coronary ostia, and subsequent good visu- 
alization of the arteries (Fig. 7, H—J). 


SEQUENCE OF FILLING OF 
CIRCULATION 


CORONARY 


We were able to demonstrate regularly, 
with the nonocclusive method, that it 


Contrast is beginning to disappear from the proximal portions of the major coronary 


Residual contrast material is in the distal two-thirds of the 


The right coronary artery is no longer seen 


takes two to three cardiac cycles for the 
coronary arteries to fill completely from 
their origin to the smaller branches (Figs. 
1, 4, and 6). When filming was initiated 
midway in the course of a one-half- to one- 
second injection of 90 per cent Hypaque, 
we repeatedly showed on the first serial 
film that the proximal third of the cor- 
onary arteries was well filled. On the 
second film, made six-tenths of a second 
later, the middle third of the vessels had 
filled, and on the third exposure, after an 
equal interval, the distal third of the 
coronary arterial circulation was dem- 
onstrated. Thus, in a series of three films, 
in an elapsed time of only one and one-fifth 
seconds, the first exposure being made 


S. W. 


Fig. 6. 
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Series of three consecutive exposures made in a total elapsed time of 1.2 seconds. 


First exposure (A) made one-half second after injection began shows good filling of the proximal portions of tl 
left anterior descending (AD) and circumflex branches (circ) of the left coronary artery. 

Exposure made 0.6 second later (B) demonstrates further filling of the branches of the left coronary artery. 

Exposure C, 0.6 second after B, shows distal portions of the branches of the left coronary artery well filled. 


midway during a one-second injection of 
20 to 30 c.c. of a concentrated bolus of 
contrast material into the supravalvular 
region, progressive filling can be clearly 
and regularly shown in dogs. 


DIFFICULTY IN FILLING THE RIGHT 
CORONARY ARTERY IN DOGS 

The right coronary artery is quite small 
in the dog, and we believe that this 
accounts in part for the difficulty in 
consistently visualizing this vessel by the 
nonocclusive method of coronary arteriog- 
raphy. In about 50 per cent of human 
beings, however, the right coronary artery 
is preponderant (17); in some 20 per cent 
there is left coronary artery preponderance, 
and the remaining 30 per cent have a 
balanced coronary circulation, without 
predominance of either artery. In view of 


these observations and the greater size 
of the coronary arteries, it would seem 





logical to assume that better visualization 
of both arteries would be obtainable 
man. 


ELECTROCARDIOGRAPHIC CHANGES DURINi 
CORONARY ARTERIOGRAPHY 
Electrocardiographic tracings were 0b 
tained frequently during the injection 
including the time before surgery wa 





started, during the introduction of the} 


catheter, immediately preceding the injec 7 


tion, during the injection, and at interval 7 
varying from one minute to twenty minute § 


thereafter. Changes frequently occurred 
during the introduction of the catheter 
particularly if open surgical manipulatio 
involved the superior mediastinum, # 
when the surgical member of the teat! 
introduced his fingers through the incisiot 
for the purpose of guiding the large 
catheter originally used through the bra 
chiocephalic artery intothe ascending aorta 
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CORONARY ARTERIOGRAPHY IN ANIMALS 


A EKG DATA FOLLOWING 93 INJECTIONS OF ORGANIC IODINE CONTRAST MATERIALS 
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B. EKG DATA FOLLOWING TOTAL OF 67 SALINE INJECTIONS, BLOOD INJECTIONS AND BAG INFLATIONS 
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Table I. A. Electrocardiographic effects resulting from the injection of iodized contrast materials into the 
upravalvular region of the aorta. B. The injection of normal saline, 5 per cent glucose in water, and the animal’s 


effect Ss. 


i This type of manipulation was some- 


umes employed early in our experiments, 


Spectrum of electrocardiographic ab- 


f Normalities, including runs of multiple 





= own blood, caused similar changes. Inflation of the bag of the occlusive catheter produced these same nonspecitic 
The majority of electrocardiographic changes are reversible in less than two minutes. 


extrasystoles, depressed ST segments, in- 
verted T-waves, and ventricular fibril- 
lation. 

Inasmuch as mediastinal manipulation 
was not necessary for the passage of 
smaller-bore catheters, significant electro- 
cardiographic changes were not frequently 










7-1 °7-2 


5-7-3 


Fig. 7. A~J. Demonstration of effect of injection pressure. 
A-C 


Series of three consecutive exposures made in a total elapsed time of 1.2 seconds during the injection of li ® 


The bolus of contrast material never reached ma\: 7 
mum possible concentration in the proximal aorta because of the relatively small amount of contrast material d-| 


c.c. of Thorotrast. The injection pressure was 3 kg./cm?. 


livered per second, and also because of the dilution of the contrast material by the nonopaque blood being ejecte 
from the left ventricle 


D-G. 
Thorotrast. 
concentrated bolus of contrast material in the proximal aorta. 
visualization of the coronary arteries is poor, regardless of the amount of contrast material used. ha 

H-J. Three consecutive exposures made during a total elapsed time of 1.2 seconds following the rapid injecti® 
of only 15 ¢.c. of Thorotrast. An injection pressure of 8 kg./cm.? was used, resulting in rapid placement of a co 


centrated bolus of contrast material in the region of the coronary artery ostia, with better visualization of the cor 


nary arteries 

All exposures in this figure were made on the same animal. Only the injection pressure (and theref« re the Th 
of injection and concentration of the contrast material in the region of the coronary artery ostia) varied. : 
slightly different magnification factors in the different series of exposures are due to the photographic technic usec 


HH 


Four consecutive exposures made in a total elapsed time of 1.8 seconds during the injection of 26 cc." By 
Although more contrast material was used, low injection pressures did not allow the accumulation 011 & 
rherefore, if low injection pressures are used, the 
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noted in our later studies. Occasionally 
slight depression of ST segments and 
flattening or slight inversion of the T- 





Phe heat | Waves were seen. During the injection of 
» used, thf  CONtrast material the electrocardiogram 
1 injec 3 pions usually definitely abnormal, with 
a | extrasystoles, tachycardia, brief periods of 


asystole, depressed ST segments, flattening 
or inversion of T-waves, and ventricular 
tachycardia (Table I). These variations 
were almost always transitory, with com- 


the spect BF 
‘ied. The 
nic used 








Fig. 7, A’-J’. Line drawings of A through J respectively. 


plete reversion to the preinjection electro- 
cardiogram within two to three minutes 
after the first two injections (Fig. 8). 
Multiple injections, often totaling 100 to 
200 ¢.c. of contrast material, sometimes 
resulted in more permanent ST segment 
and T-wave changes. No _ permanent 
electrocardiographic changes were noted 
when the number of injections was limited 
to two, although the transitory deviation s 
mentioned above were frequent. The 
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Fig. 8. 
of contrast material. 


inflation of an intra-aortic occlusion bag 
without injection of contrast material 
produced the same type of changes as 
did the introduction of an opaque medium 
(Fig. 9). 

The significance of the changes in the 
electrocardiogram is difficult to interpret, 
although it must be assumed that there is a 
combination of factors which produce 
what appears to be evidence of temporary 
“coronary insufficiency.’’ These factors 
probably include the direct effect of the 
contrast material on the coronary arteries, 
the sudden increase in the intra-aortic 
pressure with resultant increased workload 
on the left ventricle, the distention of the 
ascending aorta, pharmacologic effect of 
the contrast material reaching the vagal 
centers, etc. Of great interest to us was the 
fact that we were able frequently to 
produce ST-segment depression and T- 


Example of electrocardiographic records made before, during, and at regular intervals after the injection 
The top portion of this figure shows a gradual change from a diphasic but largely upright T- 
wave, to a definitely inverted T-wave after the injection of 15 c.c. of 90 per cent Hypaque. 
occurred in this animal whether or not the aorta was occluded. 
mal preinjection electrocardiographic appearance within two minutes after the injection was completed. 
version of the electrocardiogram to the normal preinjection appearance almost always occurred. 





These same changes 


This re- 


wave changes after injection of normal sa- 
line, 5 per cent glucose in water, and the 
animal’s own blood. Inasmuch as the 
electrocardiographic changes were transi- 
tory, it is our opinion that the mere 
possibility of their occurrence in man 
should not preclude the attempt to save 


— a 
ENG MUSE AS a a 


The lower recordings show reversion to the nor- | 








the life or improve the life-expectancy of 
persons with serious coronary artery 
disease. 


INTRA-AORTIC PRESSURE CHANGES DURING 
INJECTION 


During the injection of 20 to 30 c.c. of 
90 per cent Hypaque in one second into 
the nonoccluded aorta, the supravalvular 
systolic and diastolic pressures rose, on 
the average, about 25 mm. Hg. The 
inflation of a balloon-type catheter, result- 
ing in complete occlusion of the ascending 
aorta, caused a rise of 50 to 60 mm. Hg 
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Fig.9. Electrocardiographic and intra-aortic pressure recording made during a six-second inflation of the bag of 
an aortic-occlusion catheter. The intra-aortic pressure usually rose to a level approximately 50 mm. Hg above the 
preinflation aortic pressure. Following the deflation of the bag, the intra-aortic pressure often fell to a level 50 
mm. Hg lower than the normal preinflation intra-aortic pressure. During inflation the T-waves often became di- 
phasic, flat, or inverted. The inversion frequently became more pronounced after the bag was deflated, but these 
changes were almost always reversible, the electrocardiogram returning to the preinflation appearance. No ex- 
planation for the post-deflation electrocardiographic changes and intra-aortic pressure changes can be offered. 


in the supravalvular systolic pressure cluded, the diastolic pressure usually rose to 
even in the absence of any injection. the same degree as did the systolic (Fig. 9), 
(Fig. 9). Thus, when an injection was although in one dog the rise in systolic 
made between the occluding balloon and pressure was accompanied not by a 
the aortic valve, the total systolic pressure diastolic rise, but by a resultant doubling 
rise there was frequently 75 to 85 mm. Hg of the pulse pressure. After the deflation 
above normal. When the aorta was oc- of the bag, both the systolic and diastolic 
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pressure usually returned to the pre- 
inflation level, although they sometimes 
fell even lower (Fig. 9). The reason for 
this post-deflation fall is not known. Our 
supravalvular aortic pressure measure- 
ments were made to determine the dif- 
ferences with and without aortic occlusion 
during injection. 


COMPLICATIONS 


Seven of our 50 dogs died, all during the 
earlier part of our study, when the surgical 
technics were more traumatic because of 
the use of large catheters in small dogs, the 
necessity for open mediastinal manipula- 
tion, etc. 

There were no deaths attributable to the 
introduction of the smaller catheters now 
employed, nor did any fatalities occur with 
injections of 20 to 30 c.c. of 90 per cent 
Hypaque when the number of injections 
was limited to three or less. 


HUMAN CORONARY ARTERIOGRAPHY 


We are now using this method of arteri- 
ography in man in suspected and known 
cases of occlusive disease of the coronary 
arteries. An account of our experience 
will appear in the next issue of RADIOLOGY. 


SUMMARY 

The development of a_ transcarotid 
method of coronary arteriography in dogs 
has been described. This affords excellent 
visualization of both coronary arteries in 
most instances and is now being used clini- 
cally in man in an attempt to help solve 
some vexing problems in the diagnosis and 
treatment of coronary artery occlusive 
diseases. 

The following is a list of the important 
features of the method as developed in 
dogs: 

1. The catheter is introduced through a 
tiny incision in the right common carotid 
artery and the tip is easily positioned in 
the aortic valve region without fluoro- 
scopic control by recognition of the char- 
acteristic to-and-fro movement of the 
catheter as it approaches the valve region. 
2. Twenty to thirty cubic centimeters 
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Es 
of 90 per cent Hypaque is injected ; 4 6. 
approximately one second through a closed. 4 ad 
end, multiple-hole side-opening nylon cath F * 
eter, with an outside diameter of 33) ©; 
mm. and an inside diameter of 2.5 mm. into A 

3. Injection pressures of 6 to 10 kg. /em: a 
are used. terios 

4. Serial filming is started after 10 ~— *3' 
15 c.c. of the contrast material has bee, F 50%, ] 
injected by means of an electronic relay | La 
circuit. With the Gidlund device usedhy} 10. 
us, serial simultaneous biplane filming can pot 
be started approximately midway in th Fay! 
course of a one-second injection of 20 ty Pt 
30 c.c. of 90 per cent Hypaque. Livin 

5. Serial biplane exposures are made at WJ 
the rate of three per second during 2 Live 
period of two to four seconds. ait 

6. The majority of electrocardiographic 
changes coincident to the injection o 
iodine-containing contrast materials ("/f Arte 
per cent Hypaque and 70 per cent Cardio. 
grafin) into the supravalvular region of the I 
aorta of dogs are nonspecific and quickly} . : 
reversible. nie 

7. The same type of electrocardiographic . : 
change can be induced by injecting saline, wii 
blood (the animal’s own blood reinjected), ey 
and 5 per cent glucose in water or by the va 
inflation of the bag of an aortic-occlusion 
catheter. cen 

va~ 
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SUMMARIO IN INTERLINGUA 


Arteriographia Coronari: 


Disveloppamento de Un Methodo in Animales, con Attention 


Particular Prestate al Effectos Physiologic 


In un gruppo de 50 canes bastarde, 350 
injectiones esseva effectuate in le tentativa 
de effectuar opacification del arterias coro- 
nari. Le arteria carotic dextero-commun 
esseva usate como puncto de entrata pro 
le catheter. Isto passava alora via le 
trunco brachiocephalic a in le aorta as- 
cendente. Un vigorose movimento de 
va-e-veni de 2a 3 mm del parte del integre 
catheter indicava que le puncta esseva 
proxime al region del valvula. 

Visualisation de qualitate uniforme- 
mente bon esseva obtenite de ambe arterias 
coronari con le uso de un injection de 20a 
30 em* de 90 pro cento de Hypaque intra 
approximativemente un  secunda, per 
catheteres de nylon a multiple orificios 
lateral e puncta claudite (diametro ex- 
terme de catheter, 3,5 mm), con photo- 
gtaphia biplan effectuate simultaneemente. 
Esseva usate pressiones de injection de 6 a 


l0 kg em*. Un circuito a retardo elec- 


tronic permitteva expositiones biplan serial 


al rhythmo de tres per secunda durante 
periodos de inter duo e quatro secundas a 
partir del momento quando le introduction 
del substantia de contrasto passava le 
nivello de 10 a 15 cm’. 

Le majoritate del alterationes electro- 
cardiographic coincidente con le injection 
de substantias de contrasto a contento de 
iodo (90 pro cento de Hypaque e 70 pro 
cento de Cardiografin) a in le region 
supravalvular del aorta canin se provava 
ron-specific e esseva rapidemente reversi- 
bile. Alterationes del mesme typo pote 
esser inducite per le injection de solution 
salin o de un solution de 5 pro cento de 
glucosa o per le re-injection de sanguine 
ab le animal experimental mesme o per 
le inflation del ballon de un catheter de 
occlusion aortic. 

Currentemente le autores utilisa le hic 
delineate methodo in studios arteriographic 
in humanos. Resultatos de iste investi- 
gation va esser reportate in le proxime 
numero del presente periodico. 









as relatively radioresistant. It is 
only when large ports are irradiated to 
moderately high doses that we begin to 
see clinical symptoms of radiation pneu- 
monitis. Among the many known factors 
which influence the severity of such symp- 
toms are the type and extent of super- 
imposed infection, status of pulmonary 
function prior to this additional damage, 
and the general condition of the patient. 
Time-dose-volume factors are also im- 
portant, but their relationships to radia- 
tion pneumonitis remain poorly defined, 
particularly in patients with pre-existing 
lung disease. Symptom-producing reac- 
tions will be kept to a minimum if field 
sizes are small and if doses are fractionated 
and kept as low as possible. A certain 
number of reactions, however, are un- 
avoidable. 

Therapy of radiation-induced lung reac- 
tions has been directed toward the decrease 
of fibrosis with steroids and the control of 
superimposed infections with antibiotics. 
The effects of these agents have been 
difficult to evaluate clinically, chiefly 
because of the highly variable course of 
the primary disease. 

In our previous study (9), whole chest 
irradiation was found to produce a striking 
reduction of total thoracic compliance, 
i.e., relation of pressure to volume. The 
decrease progressed for at least nine 
to twelve months following irradiation. 
Compliance of the thoracic cage changed 
very little; nearly all of the change in 
total compliance was due to the change in 
lung compliance. It thus appears that 
total thoracic compliance may serve as a 


pe OF US justifiably regard the lungs 
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Some Factors Altering the Severity of 
Acute Radiation Pneumonitis: Variation 
with Cortisone, Heparin, and Antibiotic 
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measure of the lung damage produced }y 
irradiation. In the present study thi 
parameter was used to investigate th 
effectiveness of several agents in alterin; 
radiation-induced lung changes. | 


METHODS 


Female Sprague-Dawley rats weighin 
150 to 175 grams were anesthetized with 
4 mg. of sodium pentobarbital intraper 
toneally. The whole chest was irradiated 
through a single anterior port. All rad- 
ations were given with the 220-kvp Picker 
x-ray therapy machine (T. S. D., 37 em 
filter, 0.6 mm. Cu + 1 mm. Al, h. v.1 
0.9 mm. Cu; 48 r/min.).  Dose-tim 
factors were varied as indicated in the 
section on results. Nonirradiated control 


animals were allowed to age with irradiated 


experimental animals. 

The relation of pressure to volume in the 
thorax was studied at intervals with th 
rat anesthetized and curarized. Immeti- 
ately after anesthesia and injection of |! 
mg. of succinylcholine intraperitoneally, : 
tracheostomy was made. A polyethylene 
tube was tied into the trachea and attached 
to a rat respirator. Paralysis followed it 
three to four minutes. Artificial respir- 
tion was then stopped and, after thirty 
seconds, lung volume was rapidly increased 
in 1-ml. increments with a 
syringe. 
tinuously measured with a_ resistance 
wire pressure transducer and a direc 
writing recorder. After a rest period 0 
twenty to twenty-five seconds, the test 
was repeated. The pressures were aver 
aged in order to construct individu 
pressure-volume curves. 
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A.6roto. Contro!. No cortisone 


B. 6 rato. Cortioone only 
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Fig. 1. Effect of prolonged cortisone administration on 
total thoracic compliance in unirradiated rats. 


RESULTS 


Group I. Effect of Prolonged Cortisone” 
Administration on Total Thoracic Com- 
pliance in Unirradiated Rats: Naturally 
occurring low-grade chronic lung infections 
are known to exist in most rat colonies. 
It seemed pertinent, therefore, to study 
the effect of cortisone on unirradiated rats 
before investigating its effect on irradiated 
animals. Female rats of 150 to 175 gm. 
were distributed randomly into two groups. 


One group received 2.5 mg. of cortisone, 


intramuscularly daily for thirty days. 
The other group received no medication. 
Neither group was irradiated. The rela- 
tion of pressure to volume in each rat was 
studied after the thirty-day period. Aver- 
age curves for each of the two groups are 
presented in Figure 1. 

Group IT. Effect of Prolonged Cortisone 
Administration on Acute Radiation Pneu- 
monitis: Female rats of the size specified 
above were divided into three groups. 
Une group was allowed to age without 
radiation or cortisone. A second group 
Was given 2,600 r whole-chest irradiation in 
thtee weeks through an anterior port but 
did not receive cortisone. A third group 
received a similar dose of radiations and 
-.0 ng. of cortisone intramuscularly daily 


Cortisone was supplied by Schering Corporation. 


Factors ALTERING SEVERITY OF RADIATION PNEUMONITIS 

















Fig. 2. Effect of prolonged cortisone administration 
on acute radiation pneumonitis. 
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Fig. 3. Effect of cortisone given daily for seven 


days beginning after the onset of acute radiation 


pneumonitis. 


from the beginning of irradiation to the 
end of the experiment, forty-two to fifty 
days later. The relation of pressure to 
volume was then studied in the three 
groups (Fig. 2). 

Group III. Effect of Cortisone Given 
Daily After Onset of Acute Reaction: The 
experiment described in Group II was 
repeated except that cortisone was given 
for one week beginning three to four weeks 
after single-dose whole-chest irradiation of 
2,000 r. Observations were made thirty to 
thirty-five days after irradiation (Fig. 3). 

Group IV. Effect of Heparin Adminis- 
tration on Acute Radiation Pneumonitis: 
The experiment described in Group II was 
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Fig. 4. Effect of heparin administration on acute radiation pneumonitis. 


repeated except that, instead of cortisone, 
0.7 mg. heparin’ was injected intramuscu- 
larly daily from the day of irradiation to 
the end of the experiment (forty-two to 
fifty days). The results are presented in 
Figure 4. 

Group V. Effect of Antibiotics’ on Acute 
Radiation Pneumonitis: Female rats rang- 
ing in weight from 150 to 175 grams 
were divided randomly into two groups. 
Both groups were given 2,000 r single dose 
whole-chest irradiation. One group re- 
ceived no medication. The other group 
was given 2,000 units penicillin and 2.5 
mg. streptomycin, intramuscularly, daily 
beginning three weeks after irradiation. 
In addition, 2.5 mg. tetracycline was ad- 
ministered intramuscularly twice each day. 
After seven days of this therapy, the rela- 
tion of pressure to volume was studied 
(Fig. 5). 


DISCUSSION 


These studies show that cortisone sig- 
nificantly antagonizes the reduction in 
total thoracic compliance produced by 


* Heparin was supplied by the Upjohn Company, 
Kalamazoo, Mich. 

‘Streptomycin and penicillin were supplied by Eli 
Lilly & Co., Indianapolis, Ind. 


irradiation. The effect was most strikin; 
after one month of therapy but was notic 
able even in seven days. Heparin wa 
without effect. A combination of peti 
cillin, streptomycin, and tetracycline gay 
questionable benefit. 

Cortisone therapy for both acute ani 
chronic radiation pneumonitis has been tl 
subject of numerous studies (2-5, 7, 
10, 11). During the acute phase cortison 
has been reported to suppress peribro: 
chial infiltrations. One author (2) thougit 
that this lowered the incidence of foc 
atelectasis, which in turn decreased fibrosi 
Cortisone, however, did not alter surviv: 
when doses of whole chest radiations wet 
high (3,000 r single dose). Rubin é ¢ 
(8) and Whitfield (10,11) also reported 


that administration of cortisone dumnnfy 


the acute phase provided partial prote: 
tion. Our findings support these conelt: 
sions relative to the acute phase. Indeet 
the protection was greater than had bet! 
anticipated from the studies of other 
The anatomical and microscopic change 
produced will be the subject of a subs 
quent publication. . 

In contrast, there is rather genef 
agreement that long standing radiatio 
fibrosis is not significantly altered )) 
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cortisone administration. Since our ani- 
mals were killed thirty to fifty days after 
irradiation, we obtained no data relative 
to the therapy of established fibrosis. 
Subjective improvement might be ex- 
pected in all types of radiation pneumonitis 
for two reasons. First, a feeling of well- 
being is nearly always associated with 
such therapy. Second, TSH secretion is 
suppressed and QO, requirements are sub- 
sequently reduced. As a result dyspnea 
from lung damage may be less severe. 

Prolonged cortisone therapy in un- 
irradiated rats might be expected to sup- 
press fibrotic lung changes produced by 
pulmonary infections which occur natu- 
rally in most rat colonies. However, no 
such suppression of compliance change 
was observed during the relatively short 
period of our experiment. Compliance 
changes induced by irradiation, on the 
other hand, were strikingly suppressed. 
Since the measurements were made forty- 
two to fifty days after irradiation, we have 
regarded these as a part of the acute reac- 
tion. When cortisone therapy was started 
three weeks after irradiation and after 
lung changes were obvious, benefit was 
less striking. The degree of epilation 
was not altered by the drug. 

The mechanism of cortisone effect during 
late acute and early fibrotic reactions 
probably is the same as anti-inflammatory 
responses elsewhere in the body, namely, 
suppression of connective tissue reactivity 
resulting in decreased cellular infiltration 
and fibrosis. Beneficial results have been 
teported following cortisone therapy of 
pulmonary fibrosis from many causes, 
and there is no reason to believe that the 
effect upon radiation-induced fibrosis and 
infiltration is different. It is rather sur- 
prising that so little benefit follows corti- 
sone administration in the late phase. 
Anticoagulants, such as heparin and 
Dicumarol, have also been reported to 
decrease the severity of radiation-induced 
lung reactions (1, 6). Heparin, however, 
given daily from the time of irradiation 
to the end of the experiment (forty-two to 
fifty days) failed to alter the compliance 





Factors ALTERING SEVERITY OF RADIATION PNEUMONITIS 











Effect of antibiotics on acute radiation pneu- 
monitis. 


Fig. 5. 


changes, nor did it alter the degree of 
epilation. We have no explanation of 
the discrepancy between our results and 
those reported by others. Whitfield and 
Bond failed to obtain benefit from anti- 
coagulant administration. 

There are few radiation reactions bene- 
fited by antibiotics. These agents are 
useful only when concurrent infection 
plays a significant role. The pathogenesis 
of radiation pneumonitis has generally 
been thought to include infection in the 
irradiated lung. Clinically, toxic symp- 
toms occur compatible with this con- 
cept, and patients are usually placed on 
antibiotics with a view of diminishing the 
severity of infection. The fact that the 
course is slow and quite variable has 
made an evaluation of antibiotics difficult. 
Our study suggests that under the condi- 
tions of the experiment antibiotics were of 
questionable value in decreasing the func- 
tional sequelae of lung irradiation in 
rats. Perhaps other phases of the reac- 
tion would be more favorably influenced. 
The late part of the acute phase was 
selected for study because it seemed to 
be the phase most likely complicated by 
infection. 


SUMMARY 


The effect of steroids, heparin, and anti- 
biotics upon radiation lung damage was 
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studied in rats. Total chest compliance, 
the relation of pressure to volume, was 
selected as the measure of damage. _Ir- 
radiation decreased compliance. This 
change was unaffected by heparin but was 
questionably prevented by antibiotics. 
Cortisone definitely reduced the severity 
of acute radiation-induced lung damage. 


Chicago Wesley Memorial Hospital 
250 E. Superior St. 
Chicago 11, Il. 
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SUMMARIO IN INTERLINGUA 


Factores Que Altera le Severitate de Acute Pneumonitis de Radiation: Variation con 
Cortisona, Heparina, e Antibioticos 


Le effecto de steroides, de heparina, e de 
antibioticos super le damnificationes radia- 
tori del pulmones esseva studiate in 
rattos. Le complientia thoracic total (i.e. 
le relation de pression a volumine) esseva 
seligite como mesura del damnification. 





Le irradiation reduceva le complientia. 
Iste alteration non esseva afficite per 
heparina. Illo esseva prevenite questio- 
nabilemente per antibioticos. Cortisona 
definitemente reduceva le severitate de 
acute pneumonitis per radiation. 
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The Relationship Between Oxygen Tension of Inhaled 
Gas and the Severity of Acute Radiation Pneumonitis 


WILLIAM T. MOSS, M.D., and FRANCIS J. HADDY, M.D. 


HE RELATIONSHIP between oxygen 
y oe of inhaled gas and the severity 
of radiation response has been studied for 
many tissues. Within limits, an increase 
in oxygen tension of the gas has been 
shown to increase radiosensitivity of tissues 
while a decrease diminishes their radio- 
sensitivity (2, 3, 4, 7). In a comparison 
of various tissues, the change in sensitivity 
has been found not to be of the same mag- 
nitude, though it has always been in the 
same direction. Prior to this investigation 
we had no reason to believe that lung 
parenchyma differed from other tissues 
which have been studied. 

In our previous work (5, 8), it was found 
that total thoracic compliance was a good 
index of the severity of radiation-induced 
lung damage. The test is simple to per- 
form and it provided the data for this 
study. The anatomical and microscopic 
changes in the lungs and adrenals will be 
the subject of a future publication. 


METHODS 


Female Sprague-Dawley rats weighing 150 
to 175 gm. were anesthetized with 4 mg. 
of sodium pentobarbital intraperitoneally. 
Three rats at a time were placed in a cham- 
ber into which and from which gas flow 
was easily controlled. The pressure in the 
chamber could be varied from subnormal 
levels to at least three atmospheres. 
After adjustment of flow and pressure to 
produce the desired oxygen tension, the 
whole chests of the rats were irradiated to 
2,000 r (skin) through a single anterior port. 
All radiations were given with the 220-kvp 
Picker x-ray therapy machine (T.S.D. 37 
cm.; filter 0.5 mm. Cu and 1 mm. AI; 
hv.l. 0.9 mm. Cu; 48 r/min.). 





Chamber with viewing window permitting 
the irradiation of three rats at any desired pressure and 
oxygen tension. 


Fig. 1. 


The technic of measuring compliance 

has been described previously (5). 
RESULTS 

Group I. Effect of Transient Changes 
in Inhaled O, Tensions on Subsequent Lung 
Compliance: Abundant data have been 
accumulated showing that dissolved tissue 
O. influences the severity of radiation 
reaction. Prior to such studies on lung 
tissue, we decided to see if transient eleva- 
tions in pressure per se, of the type to be 
used in future studies, altered compliance. 
Rats were distributed randomly into two 
groups and anesthetized with sodium pento- 
barbital. One group was then placed in a 


' From the Departments of Radiology and Medicine, Northwestern University School of Medicine, and Veter- 
— Research Hospital, and the Department of Therapeutic Radiology, Chicago Wesley Memorial Hospital, Chi- 
cago, Ill. This work was supported in part by the U. S. Public Health Service, Grant C-4354(Cl) 

Presented at the Forty-fifth Annual Meeting of the Radiological Society of North America, Chicago, HL, 


Nov. 15-20, 1959. 
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Fig. 2. Effect of transient changes in inhaled 


oxygen tension on subsequent lung compliance. No 


radiation was given to these animals. 


pressure chamber (Fig. 1), the chamber was 
flushed with 100 per cent Oy, and the pres- 
sure was then raised to 40 lb./sq. inch in 
five minutes. The animals were main- 
tained at this pressure for 41.6 minutes. 
This is the time which would have been 
required to deliver 2,000 r whole-chest 
irradiation, but no irradiation was given. 
The second group of rats was placed in the 
chamber and maintained for 41.6 minutes 
in a mixture of 7 per cent O, and 93 per 
cent nitrogen at atmospheric pressure; no 
irradiation was given. Thirty days later 
pressure-volume curves were obtained for 
both groups (Fig. 2). Skin reactions were 
the same in the two groups. 

Group II. Effect of Change in Inhaled 
O, Tension on the Severity of Acute Radiation 
Pneumonitis: Rats of the type described 
in Group I were divided randomly into 
three groups and each group was given a 
single dose of 2,000 r whole-chest irradia- 
tion while in the chamber. During irradia 
tion one group was maintained at 7 per 
cent O, + 93 per cent N, at atmospheric 
pressure; one group was allowed to breathe 
room air; and one group was maintained 
with 100 per cent O, at 40 Ib./sq. inch 
pressure. Compliance was studied in the 
three groups thirty to thirty-five days 
later. Because the results were not those 
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the two experiments were pooled (Fig. 3 
Skin reactions consisted of a barely py. 
ceptible desquamation in the first group, : 
dry epilation in the second group, and; 
moist desquamation in the third group, 
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Fig. 3. Effect of changes in inhaled oxygen tensii 


on the severity of acute radiation pneumonitis. Groups 
B, C, and D received 2,000 r whole-chest irradiation 
No irradiation was given to Group A. Composition 

inhaled gas as shown. 


Group III. Effect of Change in Pressun 
of Inhaled Gas on Severity of Acute Radiation 
Pneumonitis: The results obtained u 
Groups I and II did not rule out the poss: 
bility that 40 pounds of pressure per « 
during irradiation influences radiation re 
sponse. The following study was mate 
in an attempt to evaluate the significance 


of increased pressure, of itself, on radio f 


sensitivity. The experiment described it 
Group II was repeated with the same dos 
of radiations, but the oxygen tension i! 
inhaled gas was kept constant as the pres 
sure varied in two groups of animals during 
irradiation. Thus, one group breathed 
room air at atmospheric pressure durin; 
irradiation and one group breathed 54 
per cent O, in 91.6 per cent He at i 
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anticipated, the entire experiment yal™ 
repeated. The results of the first expe. f 
ment were confirmed, and the data fro} 
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‘Pa bends. A single dose of 2,000 r to the 


B hole chest was given. Total thoracic 
‘ compliance was measured thirty to thirty- 
Nive days later (Fig. 4). Skin reactions 
in the two groups were equal. 
GroupIV. Adrenal Weights After Whole 
Chest Irradiation—Oxygen Tension in In- 
‘haled Gas Varied: The unexpected results 
obtained in Group II, together with the 
‘supporting evidence obtained in Groups 
I and III, suggested that some heretofore 
unrecognized intrinsic factor or factors 
might be altering the severity of lung 
response. With our knowledge that corti- 
sone can decrease the severity of the reac- 
tion (5), it was decided to repeat the irradi- 
ation described in Group II and to measure 
adrenal stimulation produced by this 
trauma by weighing adrenals at various 
intervals thereafter (Table I). 


TaBLE 1: AVERAGE ADRENAL WEIGHT AND AVERAGE 
ApRENAL WEIGHT IN MG./100 GM. Bopy WEIGHT AT 
Various INTERVALS AFTER 2,000-r WHOLE-CHEST 


IRRADIATION 


Oxygen tension of inhaled gas varied as shown) 


10 Days 20 Days 30 Days 
8.4°° Oz 8 Rats, av. 7 Rats, av. 9 Rats, av. 
at room weight weight weight 
pressure 61.1 mg.; 56.9 mg.; 66.1 mg.; 
35.6 30.6 28.9 
mg. / 100 mg./ 100 mg./100 
gin gm. gm 
100"; Oy 10 Rats, av. 6 Rats, av. 8 Rats, av. 
at 40 Ib weight weight weight ~ 
pressure 67.1 mg.; 62.0 mg.; 67.9 mg.; 
45.2 mg. 35.7 mg. 41.0 mg 
100 gm. 100 gm. 100 gm 
A te: Precautions were taken to minimize the cage 
elect. Fat was carefully trimmed from the adrenals 


and they were weighed eight days after fixation in 10 
per cent formaldehyde in nonirradiated rats adrenals 
weighed 27 mg./100 gm. body weight after ten days and 
mg. 100 gm. body weight after thirty days. 


DISCUSSION 

These studies confirm the observation 
that increasing O. tension in the inhaled 
| gas dramatically increased the severity of 
skin reactions. With 7 per cent O» (atmos- 
pheric pressure) in the inhaled gas, 2,000 r 
» Single-dose whole-chest irradiation usually 
produced a barely perceptible epilation. 
With 100 per cent O» at 40 pounds of pres 
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Fig. 4. Effect of maintaining oxygen tension in 


inhaled gas constant while varying gas pressure during 
period of irradiation. 


Paradoxically, the lung compliance was 
changed less by irradiation at the higher 
QO, tension. Pressure per se, as employed 
to increase QO, tension, had no significant 
effect on severity of reaction. 

Previously we were able to show that 
cortisone administered following irradia- 
tion decreases the severity of radiation- 
induced lung changes (5). Endogenous 
cortisone is known to increase as a result 
of adrenal response to the stress created by 
large-port, high-dose irradiation. This is 
a nonspecific response (1, 6). In Table I 
we see that adrenals were heavier in those 
animals irradiated during inhalation of O. 
at higher tensions. The increase in adrenal 
weight preceded maximum skin reaction, 
suggesting that other injured tissues were 
also contributing to the stress. 

To our knowledge, there is no exception 
to the rule that an increase of dissolved O, 
in tissue above the normal results in 
enhanced radiosensitivity. We do not 
believe lung parenchyma to be an excep- 
tion. It seems likely that a given increase 
in oxygen tension in the inhaled gas pro- 
duces a smaller increase in radiosensitivity 
of lung than in most other tissues. The 
radiosensitivity of the skin and bone 
marrow increased seriously at the higher 
oxygen tensions. The findings in Group 
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IV animals (Table I) suggest that the 
more severe skin and possibly marrow 
reactions stimulate the adrenals and thus 
made available more endogenous cortisone 
for suppressing lung changes. We believe 
this may be the mechanism of the apparent 
decrease in lung damage in those animals 
irradiated at higher O, tensions. 


SUMMARY 


Lung compliance is decreased by radia- 
tions. The change is less severe if the 
animal is irradiated at high O, tensions. 
It was also found that the adrenals were 
heavier in the high O, group than in the 
low O. group. It is suggested that the 
severe skin and marrow reaction produced 
in the high Os, group results in adrenal 
hyperplasia with the increased production 
of endogenous cortisone and the subsequent 
suppression of compliance changes. 

Note: We wish to express our appreciation to 
Miss Sandra Gold for her technical assistance in 
this study. 
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SUMMARIO IN INTERLINGUA 


Le Relation Inter le Tension de Oxygeno in le Inhalato e le Severitate de Acute Pneumonitis de 
Radiation 


Ha essite monstrate que in rattos le 
complientia pulmonar (i.e. le relation de 
pression a volumine) es reducite per radi- 
ation. Le reduction es minus sever si le 
animal es irradiate a alte tensiones de 
oxygeno e le adrenales esseva plus pesante 


que in le gruppo a basse tension de 


oxygeno. Es proponite que le forte re 


action cutanee e medullari que es produ 
cite in le gruppo a alte tension de oxy 
geno resulta in hyperplasia adrenal, con 
un augmento del production de cortisona 
endogene e le subsequente suppression de 
alterationes del complientia. 
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Intracranial Posterior-Fossa Tumors’ 
SAMUEL B. HAVESON, M.D. 


HE RADIOLOGIC diagnosis of an expand- 
pins lesion in the posterior fossa 
requires: (a) skillful application of the 
technics of plain skull roentgenography, 
encephalography, ventriculography, and 
vertebral angiography, and (5) correct 
interpretation of results obtained from 
one or more of these examinations in the 
individual case. The various studies 
should complement rather than compete 
with one another, and frequently a combi- 
nation of all available procedures is neces- 
sary for a conclusive preoperative or 
antemortem diagnosis. Emphasis, how- 
ever, is placed on the use of encephalog- 
raphy and ventriculography in evaluation 
of posterior-fossa tumors since, in most 
instances, the final result depends to a 
large extent on pneumographic studies. 


TECHNICAL ASPECTS OF ENCEPHALOGRAPHY 
AND VENTRICULOGRAPHY 


Fractional encephalography is performed 
in the manner described by Lindgren (7). 
A detailed presentation of his method is 
beyond the scope of this paper but a few 
points may be outlined. The posterior 
fossa is examined initially with 
patient sitting and the head slightly 
flexed. Lateral, postero-anterior, and half- 
axial postero-anterior films are obtained 
at right angles to one another without 
change in head position during the expo- 
sure. A Lysholm skull apparatus is in- 
Valuable for this purpose, since the x-ray 
tube can be moved in any direction and the 
central ray can be accurately directed to 
secure necessary projections. Prior to each 
ot the first four exposures, from 5 to 7 c.c. 
ol air is injected into the lumbar sub- 
arachnoid space, a total of approximately 
2) ce. being eventually introduced in 
the average case. Ventricular filling is 
accomplished by slow injection with the 


\ 
” 


the . 


head slightly flexed, and cisternal filling 
occurs during rapid injection with the 
head extended or steeply flexed. No 
cerebrospinal fluid is removed until after 
the initial films have been reviewed by the 
radiologist. Thus, air filling of fluid- 
distended spaces is easily achieved, and 
the increased pressure in the subarachnoid 
space will prevent downward cerebellar 
tonsillar herniation (a rather common 
finding in posterior fossa tumors) or, 
if it is already present, will keep it from 
increasing. If the cerebellar tonsils are 
observed in the subarachnoid space below 
the foramen magnum after the first 7 c.c. 
of air has been introduced, the examination 
is terminated without further air injection 
or fluid removal. Fractional encephalog- 
raphy is completely controlled by the 
radiologist, permitting an accurate detailed 
examination of the ventricles and sub- 
arachnoid cisterns. The study in this 
respect alone is certain to be superior to 
one in which a large air-fluid exchange is 
performed and a predetermined routine 
set of films is taken by an x-ray technician. 
Successful use of ventriculography in 
posterior-fossa tumors depends obviously 
on visualization of the aqueduct and 
fourth ventricle. This is accomplished by 
filling the third ventricle with an adequate 
amount of air so that the aqueduct and 
fourth ventricle are well outlined when 
brought into the correct position. Air 
enters the third ventricle when the head is 
extended with the patient supine. Rapid 
turning of the patient into the prone 
position will then result in aqueductal and 
fourth ventricular filling in almost every 
case (8, 13). Repetition of the maneuver 
may be necessary before adequate in- 
formation is obtained. When a gross 
symmetrical hydrocephalus is encountered 
on the initial supine films at ventriculog- 


‘From the Department of Radiology, University of California School of Medicine, San Francisco, Calif. 
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Fig. 1. A. Aqueduct with normal kink (—) 
(»>). The slight kink occurs in the middle of the quad 

B. The aqueduct forms a gentle arch (—) between 

Fig. 2 

Fig. 3. The normal ambient cistern (—), surroundit 
raphy, the examination is not considered 
completed until the posterior third ven- 
tricle and posterior-fossa structures have 
been thoroughly examined. 


NORMAL ROENTGEN ANATOMY 

The roentgenologic appearance of the 
normal aqueduct, fourth ventricle, and 
posterior-fossa cisterns has been thoroughly 
described (3, 5, 11). 

Lindgren and Di Chiro (5), in a study of 
300 normal encephalograms, showed that 
in 65 per cent a kink existed between the 
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Simultaneous filling of the cistern over the quadrigeminal platt 


rigeminal plate 
the third and fourth ventricles. 


Midline position of the normal fourth ventricle (lower arrows) and aqueduct (upper arrows) 


ig the brain stem, and cerebellopontine an glecisterns (#* 


superior and inferior colliculi of the quadn: 
geminal plate (Fig. 1, A); in 35 per cent the 
aqueduct formed a gentle arch between the 
third and fourth ventricles (Fig. 1, B 
Exaggeration of the normal kink or # 
crease in the normal arch is an importat! 
localizing sign in expanding lesions ot the 
posterior fossa. The aqueduct and fourt 
ventricle are normally in the midline 
frontal views (Fig. Their forward 0 
backward displacement can be measure? 
on lateral films by Twining’s point (I 
Lysholm’s point (S), or the ventricula! 


2). 
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Fig. 4. 
ver the tumor (#> ). 

B. Lateral projection. 
iqueduct are displaced upward (—). 

Fig. 5. Acoustic neuroma in a 34-year-old female. 


the lesion. 
rg.6. Prostatic metastasis in a 52-year-old male. 


angle proposed by Sutton (11). These 
measurements, however, are sometimes 
unsuccessful in detecting early expanding 
Processes, and evaluation of the form of the 
queduct and fourth ventricle will, in 
general, be more informative. Upward 
dsplacement of the posterior third ven- 
inele occurs in cases of posterior-fossa 
sions but is of little localizing value. 
the appearance of the normal ambient 
and cerebellopontine angle cisterns, as seen 
on the half-axial postero-anterior film, 


Acoustic neuroma in a 64-year-old male. A. 
stern (—) are displaced to the right, forming a concave curve toward the tumor. 


Subarachnoid air partially outlines the tumor (#~> ) 


The right cerebellopontine angle cistern (— 


Frontal projection. The vallecula and interpeduncular 


Subarachnoid air is present 
The posterior third ventricle and 


is displaced 


Displaced right cerebellopontine angle cistern (—). 


is illustrated in Figure 3. The normal 
quadrigeminal plate cistern (Fig. 1, A), 
ambient wing, pontine and interpeduncular 
cisterns are best seen on lateral projections. 
Demonstration of the cisterns is extremely 
important in many posterior-fossa lesions, 
particularly in extracerebral and upper 
brain-stem tumors. In fact, a specific 
diagnosis of tumors in these locations can 
be made by encephalography, whereas 
neoplasms of the cerebellum and fourth 
ventricle may obstruct the foramen of 
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Magendie sufficiently often that ventricu- 
lography is required for their complete 
demonstration. 


EXTRACEREBRAL, PONTINE, AND MIDBRAIN 
EXPANDING LESIONS 


The tumor most frequently found in the 
cerebellopontine angle is the acoustic 
neurinoma. Most acoustic tumors will 
erode the internal auditory meatus, but 
the extent of the lesion cannot be predicted 
without encephalography. If sufficiently 
large, the mass will displace the aqueduct 
and fourth ventricle upward and backward 
to form an increased curve (4, 6). Dis- 
placement to the contralateral side also 
eventually occurs. 

In Figure 4 a large left acoustic neu- 
rinoma in a 64-year-old male is outlined 
partially by subarachnoid air in both 
lateral and frontal views. The aqueduct 
and posterior third ventricle are markedly 
displaced upward, and the vallecula and 
interpeduncular cistern to the right, form- 
ing a concave curve toward the tumor. 


A smaller acoustic tumor demonstrated by 
encephalography in a 34-year-old female 
displaced the right cerebellopontine angle 
cistern but produced no change in the 


ventricular structures (Fig. 5). A cere- 
bellopontine angle mass was seen in a 
52-year-old male with signs of an expanding 
lesion. Encephalography revealed dis- 
placement of the right cerebellopontine 
angle cistern (Fig. 6), outlining a small 
mass without displacement of the ven- 
tricular system. The right acoustic meatus 
showed no abnormality, but a slight 
erosion of the tegmen tympani near the 
meatus was noted. Upon excision, the 
mass proved to be a metastasis from 
prostatic carcinoma. 

Ventriculography alone in the last two 
cited cases probably would have yielded 
no useful information, and in the first 
case no definite statement about the 
extracerebral location and extent of the 
lesion could have been made solely from 
the ventriculographic findings. Menin- 
giomas and cholesteatomas in the cere- 
bellopontine angle may cause clinical 


signs even when relatively small and 
although a few of these tumors progy, 
skeletal erosions (1, 12), encephalogra 
is essential for diagnosis in the majority, 
A normal crural cistern (Fig. 7) must) 
differentiated from a displaced cerebelj, 
pontine angle cistern when small tumg 
are suspected in this region. 

The classic roentgen findings of a poe. 
tine glioma (10) were present in a 5-year 
old female (Fig. 8). The compress 
pontine cistern and the displaced four 
ventricle, aqueduct, and _ posterior thin 
ventricle clearly outlined the tumor. Sip 
ilar displacement of the ventricular stry. 


tures may occur in clivus tumors, ui 
filling of the pontine cistern leads to th® 
A small clivus tumor 
a 3-year-old boy (Fig. 9, A) was demo 
strated on initial encephalography pef 
The small mass aloy ji 


correct diagnosis. 


formed elsewhere. 
the clivus outlined in the anterior pontix 
cistern caused minimal posterior displace 
ment of the fourth ventricle and aqueduct 
Three months later, at encephalography,i 
considerably larger mass was visualized o 
literating the pontine cistern, with markel 
displacement of the fourth ventricle (Fg 
9, B). Surgery, and eventually autopsy, 
disclosed an undifferentiated extradunl 


sarcoma with a large middle-fossa com 


ponent. 

A small space-occupying lesion in th 
region of the midbrain is illustrated a 
Figure 10. The upper aqueduct is ds 
placed to the left, with slight tilting d 


the quadrigeminal plate to the same sit 
Frontal projections als 
revealed a small mass in the posteritr 
The pF 
tient, a 14-year-old girl with a history (— 
sudden onset of headache, difficulty in up a 
ward gaze, and bloody spinal fluid, t freee: 


turned five months later for further eval F 
lnterpedy 


(Fig. 10, A). 


third ventricle (not illustrated). 


ation. | Encephalography then reveal 
that the aqueduct had returned to the 
midline but remained narrow and irreguli! 
(Fig. 10, B). The mass in the postent 
third ventricle had disappeared. It we 
presumed that a small hemorrhage i the 
region of the quadrigeminal plate hw 
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INTRACRANIAL POSTERIOR-FossA TUMORS 


Fig. 7. Normal crural cistern (—). The ambient and cerebellopontine angle cisterns are alsojfilled with air 


)\*). Note that the crural cistern crosses the ambient cistern. 


Fig. 8. Pontine glioma in a 5-year-old female. Displacement of the fourth ventricle, aqueduct, and posterior 


third ventricle (+) and compression of the pontine cistern by the pontine mass (#>). 


Rig 9. Extradural undifferentiated sarcoma in a 3-year-old male. A. First examination. There is a smooth- 
Walled mass along the clivus outlined by air in the pontine cistern (—). The fourth ventricle is displaced slightly 
backward (@->). 

. B. Second examination, three months later. The pontine cistern is obliterated and the mass extends into the 
interpeduncular cistern (—). The fourth ventricle was filled on other films and its posteriorly displaced position 
1S indicated (a>), 


produced the initial encephalographic find- recurrent bleeding and gliosis involving 
mgs even though angiographic studies the aqueduct (9). Gliomas of the quad- 
showed no vascular lesion. Vascular mal- rigeminal plate are rare; they are recog- 
lormations of the midbrain may eventually nized by filling of the aqueduct and the 
result in an obstructive hydrocephalus from cistern over the quadrigeminal plate. The 
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Fig. 10. Presumed hemorrhage in region of quadrigeminal plate, in a 14-year-old female. 

A. First examination. The aqueduct is displaced to the left (—), with tilting of the quadrigeminal platetotk 
left. Dilatation of the lateral ventricles is also seen. 

B. Second examination, five months later. The aqueduct is now midline but is narrow and irregular. 


Fig. 11. Cerebellar hemangioblastoma in a 56-year-old female. 
A. Encephalography. A kink in the quadrigeminal plate is outlined by air in the cistern overlying this structut 


(—>): 


B: Ventriculography. Aqueductal kink in same location (—). The lower aqueduct and fourth ventricle a 
displaced forward 


latter structure becomes thickened, and CEREBELLAR AND FOURTH VENTRICLE 
straightening and irregularity of the aque- TUMORS 
duct occur (5). Localization of tumors of the cet 
Extracerebral tumors arising from the bellum and fourth ventricle depends pr 
tentorial dura and cerebellar convexities marily on certain characteristic deformtis 
theoretically would be better outlined by of the aqueduct and fourth ventricle © 
encephalography but, because of limited 8, 13). Some of these lesions cause onl 
experience with such lesions, their dif- relative stenosis of the fourth ventric 
ferentiation from intracerebellar tumors and permit ventricular visualization by 
will be discussed in respect to ventricular encephalography (4). This avoids the 
deformities alone. dangers of ventriculography (2), which 
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late tothe 


structurt 


sole af Fig. 12. Cerebellar cyst wi i ; 
tricle at deena cyst w ith mural nodule, in a 6-year-old female. A. Lateral projection. Midquadrigeminal 
. vata with forward displacement of dilated aqueduct and fourth ventricle (—) edie 
beaabihesad — : “ or Projection. The aqueduct and fourth ventricle are displaced to the left (—), and upward 
Fig. 13. Med — stem displaces the posterior third ventricle laterally 7 sin 
m4 a pega ayaa i pre a 15-year-old male. A. Lateral projection. The aqueduct 
Per ; le ¢ ‘ly dilated. Note absence of pathologic < duct kink sen f do 
al J f pathologic aqueduct ; sence ; 
B "Pe “ junction of the aqueduct and fourth ventricle " ; acelin 
stero-anteri jecti ‘ ; i 
erior projection. A large smooth-surfaced mass is partially outlined in the fourth ventricle 


[CLE 


cere: 
ds pri 
rmitie 
cle (2 
;e onl! 
ontricle 
ion by 
is the 
whicll 


ho rey : . . ° . 
aie csr A RCE 9A ag kink in the dilated aqueduct in the same 
: iisona . —— - — 1 in location, with forward displacement of the 
bellar hemisphere tumor anes inailitiine ig “—"s cag ae 
of the ventricular system but a aaa tion ? ; voted pie - ete = gi 
amount of cisternal air outlined a pres scril 4 A —— pal gr prene bel 
Lite the Se aes alee pol ' p scribed. A cystic tumor of the right 
4) tines P at 4 i, cerebellar hemisphere produced similar 
graphy then revealed a_ ventriculographic findings in a 6-year-old 
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girl (Fig. 12). A typical midquadrigeminal 
plate aqueductal kink resulted from for- 
ward displacement of the lower aqueduct 
and fourth ventricle (Fig. 12, A). The 
tumor also displaced the aqueduct and 
fourth ventricle to the left, bulging into 
the latter structure (Fig. 12, B). Dis- 
placement of the posterior third ventricle 
laterally in this case was probably due to 
upward herniation of the brain stem. 

Midline tumors of the upper cerebellar 
vermis usually cause a marked midquad- 
rigeminal plate aqueductal kink and fre- 
quently obstruct the junction of the aque- 
duct and fourth ventricle (5). These two 
structures remain in the midline on frontal 
projections, distinguishing such midline 
lesions from those in the cerebellar hemi- 
sphere or over the cerebellar convexities. 
Midline tentorial slit tumors, on the other 
hand, displace the entire quadrigeminal 
plate anteriorly and inferiorly. The aque- 
ductal kink then occurs at the junction of 
the posterior third ventricle and aqueduct 
instead of in the middle of the quad- 
rigeminal plate (4, 5). In addition to de- 
forming the aqueduct and fourth ventricle, 
tumors beneath the lateral aspect of the 
tentorium often cause a bulging of the 
latter structure which displaces the homo- 
lateral trigone of the lateral ventricle (1, 
12). 

Processes expanding partially or entirely 
within the fourth ventricle are localized 
by demonstrating intraventricular filling 
defects. An example of a lesion primarily 
within the fourth ventricle was observed 
in a 15-year-old male (Fig. 13). A large, 
smooth-surfaced mass, partially outlined 
in the lower fourth ventricle, caused 
marked dilatation of the upper fourth 
ventricle and aqueduct. The aqueduct 
appeared funnel-shaped because of up- 
ward displacement of the inferior portion 
of the quadrigeminal plate, and a dorsal 
outpocketing was evident at the junction of 
aqueduct and fourth ventricle (Fig. 13, A). 
This angular dorsal outpocketing repre- 
sents a gross exaggeration of a slight bulge 
of the aqueduct at the junction of the supe- 
rior medullary velum and quadrigeminal 
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plate found in some normal persons (5 
As their size increases, intracerebral ay 
extracerebral tumors in the region of th 
foramen magnum eventually produce diy 
tation of the entire ventricular syste, 
The direction and magnitude of displace 
ment of the fourth ventricle and aquedug 
obviously depend on the site of origin ay 
extent of the lesion. Small expand 
lesions in this region may be difficult 
detect by study of the aqueduct and fourt 
ventricle alone, since deformities of thes 
structures may be minimal. Slight wp 
ward and lateral displacement of th 
fourth ventricle was noted in a 5-year-j 
female with a low midline cerebellar lesin 
extending inferiorly between the cer. 
bellar tonsils (Fig. 14). Localization 
the lesion was made possible by passage ¢i 
a small amount of air (during ventriculog 
raphy) into the subarachnoid space belor 
the foramen magnum, thus outlining th 
lower pole of the tumor situated posteriar 


to the cervical cord (Fig. 14, C). Die 
or extra & 
cerebral tumors in this location from i= 


ferentiation of intracerebral 


tramedullary expanding lesions in the 


high cervical cord is difficult unless th® 
subarachnoid space below the forama 


magnum is visualized. 


AQUEDUCT STENOSIS AND POSTERIOR-FOS & 


ARACHNOIDITIS 


The differentiation of the non-neoplasti 
lesions—aqueduct stenosis and _ posterior 
fossa arachnoiditis—from tumors of the 
posterior fossa depends on complete det 
onstration of the aqueduct and fourth 
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ventricle, frequently by a combination of 


encephalography and 
Ventriculography in benign aquedut! 
stenosis usually reveals a dilated shot 
segment of the upper aqueduct with failur 
to fill the remaining aqueduct and fourti 
ventricle. Demonstration of the stenos: 
then depends on filling the fourth ventric 
and lower aqueduct during encephalog 
raphy. In cases of posterior fossa aratl: 
noiditis, where the gliosis affects the fora! 
ina of Magendie and Luschka, encephi 
alography usually results in nonfilling © 


ventriculography. F 
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INTRACRANIAL POSTERIOR-FOSSA TUMORS 


ur lesion 


e cere 

ition ¢i and ventriculography are outlined, and 
ssage ¢i the normal roentgenologic appearance of 
Ticulog. the posterior fossa, ventricular, and sub- 





arachnoid cisternal structures is briefly 
noted. Extracerebral and upper brain 
stem expanding lesions are best demon- 
strated by encephalography, whereas cere- 
bellar and fourth ventricular tumors often 
require ventriculography for definitive lo- 
calization. Visualization of the subarach- 
noid space below and at the level of the 
foramen magnum is of great value in 
localization of tumors in this region. The 
deformities and displacements of ventric- 
- ular and cisternal structures produced by 
space-occupying lesions of the posterior 
oplastie fossa are shown in illustrations of 10 


osteriat Fig. 14. Inferior midline cerebellar tumor in a 5- Cases. 
of the year-old female. 
A. Lateral projection. Minimal upward displace- 
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te dem I ment of the fourth ventricle. ACKNOWLEDGMENT: The author expresses appre- 
fourth B. Postero-anterior projection. Minimal displace- Citation to Dr. Alfred L. Schmitz, Assistant Pro- 
tion 0 ment of the aqueduct and fourth ventricle to the right fessor of Radiology, for his guidance in the prepa- 


: ‘ ; ati [ this paper. 

raph C. Lower pole of tumor outlined by subarachnoid eS ee 

> d rs air below the foramen magnum (—). 

jueduc! . . St. Francis Hospital 

| short f the ventricular system. The diagnosis is 3630 Imperial or 
a ; z . ° Lynwood, Calif. 

failure § then obtained by ventriculography, which ~“*""°™ 

fourtif “ill show a dilated ventricular system, 
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INTERLINGUA 


Tumor de Fossa Postero-Cranial 


In le evalutation de tumores del fossa 
posterior, le diagnose final depende gran- 
demente de studios pneumographic, i.e. 
encephalo- e ventriculographic. Le as- 
pectos technic de iste methodos es discutite, 
e le normal roentgeno-apparentia del fossa 
posterior e del structuras ventricular e 
subarachnoide cisternal es describite. Un 
diagnose specific de multe tumores de 
fossa posterior—specialmente de tumores 
extracerebral e de tumores de pedunculo 
supero-cerebral—pote esser facite per en- 
cephalographia, durante que tumores del 


« 


cerebello e del quarte ventriculo obstry: 
le foramine de Magendie satis frequente. 
mente pro requirer ventriculographia pr 
lor demonstration complete. Le visualis:. 
tion del spatio subarachnoide infra | 
foramine magne e al nivello de illo es & 
grande valor in le localisation de tumors 
in iste region. 

Le deformitates e displaciamentos é& 
structuras ventricular e cisternal producite 
per lesiones tridimensional del fossa pos 
terior es monstrate in illustrationes ab | 
casos. 
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| Ventricular Septal Defect and Severe Pulmonary 
Hypertension: Radiologic Considerations 
in Selection of Patients for Surgery’ 


CHARLES W. VICKERS, M.D., OWINGS W. KINCAID, MD., JAMES W. DuSHANE, MD., and 
JOHN W. KIRKLIN, M.D. 


N RECENT years surgical closure of de- 

fects in the ventricular septum has be- 
come a beneficial and relatively safe pro- 
cedure. This increase in the scope of 
cardiac surgery demands specificity not 
only in establishing an accurate anatomic 
diagnosis but also in evaluating the as- 
sociated hemodynamic alterations. One 
must be able to predict whether surgical 
closure of the anatomic defect will result 
in improvement or deterioration of the 
cardiac status. 

There appears to be no unanimity of 
opinion among thoracic surgeons in re- 
gard to the criteria of operability for 
patients with ventricular septal defects 
and severe pulmonary hypertension. At 
the Mayo Clinic the decision as to opera- 
bility has become increasingly dependent 
on the magnitude of the pulmonary 
artery flow, which is considered to be a 
reflection of the degree of resistance in the 


pulmonary vascular bed (3). It was the 


purpose of the study to be reported here to - 


evaluate the role of conventional roentgen 
methods in estimating this flow in the 
presence of a ventricular septal defect. 


FUNCTIONAL PATHOLOGY OF VENTRICULAR 


SEPTAL DEFECT 


Adefect may occur in either the muscular 
or the membranous portion of the ventric- 
ular septum, but is found more commonly 
inthe membranous portion which forms the 
superior part of the septum. Of more 
‘gnificance than the location of the de- 
lect is its size. In small defects (maladie 
de Roger), the normal differential pressure 
between the right and left ventricles is 
maintained and the magnitude of the arte- 


riovenous shunt through the defect is not 
clinically significant. If the defect is 
large, however, the differential pressure 
between the ventricles is not maintained 
and the resultant arteriovenous shunt may 
be 50 per cent or more of the left ventric- 
ular output. The consequent increase in 
the volume of blood and velocity of flow 
into the lesser circulation produces changes 
in the pulmonary vascular tree which may 
be recognized readily on the conventional 
postero-anterior roentgenogram of the 
thorax (2, 6, 7) (Figs. 1-4). These changes 
are usually manifested as an increase in 
the size of the main pulmonary artery 
and its branches, enlargement of both 
ventricles, and an associated hypoplastic 
aortic arch. Fluoroscopy shows vigorous 
pulsations of the central (hilar) branches 
of the pulmonary artery. 

Ventricular septal defect is more fre- 
quently associated with pulmonary arterial 
hypertension than are most other cardiac 
anomalies. The hypertension may be due 
to two factors (4): (a) It may be the result 
of the increase in volume and velocity of 
blood entering the pulmonary circulation 
in the presence of normal pulmonary vas- 
cular resistance. Since the pulmonary re- 
sistance is normally about a fifth of that 
in the systemic vascular bed, the arteriove- 
nous shunt through any considerable de- 
fect is rather large and consequently the 
pulmonary artery flow is greatly increased. 
The pressure in the main pulmonary artery 
is elevated as a reflection of the left ven- 
tricular pressure. (5) Pulmonary hyper- 
tension may also result from increased 
pulmonary vascular resistance which ob- 
structs the flow of blood through the smaller 
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Fig. 1. a. Boy 8 years of age, clinically operable. Right ventricular pressure (systolic), 85 mm. of mercut 
Large left-to-right shunt. Acyanotic. Surgical closure of the defect with good hemodynamic result. Postopet 
tive right ventricular pressure (systolic), 30 mm. Hg. Considerable enlargement of main pulmonary artery a 
its central and peripheral branches. Cardiothoracic ratio, 0.60. 

b. Magnified view of the right lower lung field to demonstrate better the normally tapering but greatly enlarge 
peripheral arteries 


Fig.2. a. Nine-year-old girl, clinically operable. Main pulmonary artery pressure, 112 mm. Hg systolic and“ 
mm. diastolic. Total pulmonary resistance, 580 dynes-second-cm.~* Left-to-right shunt, 41 per cent, right 
left shunt, 10 per cent. Acyanotic. Defect surgically closed with good hemodynamic result. All pulmonal 
artery branches moderately enlarged. Cardiothoracic ratio, 0.58 : 

b. Magnified view of the right lower lung field to demonstrate better the enlargement of the peripheral arter 
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arteries and arterioles. The changes in’ gressive. As the resistance in the pt! 
the pulmonary vessels which are respon- monary vascular bed increases and mot 
sible for the increased resistance are pro- nearly approximates that in the system 
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Fig. 3. Six-year-old girl, clinically operable. 


dynamic result. 


Fig. 4. Ten-year-old girl, clinically operable 


mm. diastolic. 
surgically with a good hemodynamic result. 
and peripheral branches. Cardiothoracic ratio, 0.70. 


vascular bed, the magnitude of the arterio- 
venous shunt and, therefore, the volume of 
pulmonary artery flow decrease. If the 


_ pulmonary resistance becomes greater than 


systemic resistance, the direction of the 
shunt is reversed and it becomes veno- 
arterial or right-to-left (Eisenmenger com- 
plex). The pressure in the pulmonary 


trunk associated with greatly increased, 


normal, or decreased pulmonary flow may 
be equal to, but usually does not exceed, 
the systemic pressure. 

A large arteriovenous shunt and _ in- 
creased pulmonary artery flow are associ- 
ated with increased diastolic filling of the 
left ventricle. Because of this and the 
necessity of maintaining an adequate sys- 
temic circulation in the presence of a sig- 
nificant left-to-right shunt, the left ventricle 
enlarges. In this situation the right ven- 
tnele becomes dilated as a result of the 
increased volume of blood from the left-to 
nght shunt. If there is no great increase 
m pulmonary artery flow, however, the 
work load of the left ventricle remains un 
changed and it is not enlarged. 

Experience has shown that the presence 
or absence of increased pulmonary artery 


Right ventricular pressure (systolic), 60 mm. of mercury. 
Postoperative pressure in the right ventricle (systolic), 35 mm. Hg. Good hemo- 
Extreme enlargement of the main pulmonary artery and its central and peripheral branches. 
* Cardiothoracic ratio, 0.58. 





Acya- 


Main pulmonary artery pressure, 83 mm. Hg systolic and 54 
Total pulmonary resistance, 305 dynes-second-cm. ~* 


Acyanotic. A defect, 4 sq. cm., was closed 


Gross enlargement of the main pulmonary artery and its central 


flow may be predicted with considerable 
accuracy from the roentgenologic ap- 
pearance of the heart and the pulmonary 
vessels. Increased pulmonary artery flow 
is manifested by enlargement of the main 
pulmonary artery and its central (hilar) 
and peripheral branches. Conversely, in 
those cases in which the main pulmonary 
artery and its right and left main branches 
are greatly enlarged but the peripheral 
branches are seen to be abruptly narrowed 
to a normal or a less-than-normal caliber, 
it may be assumed that there is no great 
increase in pulmonary artery flow but 
that the pressure in the pulmonary trunk is 
elevated as a result of increased peripheral 
pulmonary vascular resistance. In such 
cases it may be anticipated that the 
pressure in the main pulmonary artery 


will not be reduced after closure of the 
defect. The radiologic changes associated 


with a small, hemodynamically insignifi- 
cant defect are negligible. The central 
and peripheral branches of the pulmonary 
artery are of normal caliber and the 
cardiac size and configuration are un- 
altered. 

The ventricles is also of 


size of the 
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importance in evaluating pulmonary artery 
flow and operability, for reasons which 
have already been given. Experience 
gained at the operating table has shown 
that the presence or absence of ventric- 
ular enlargement can be determined with 
a fairly high degree of accuracy from the 
postero-anterior chest film. 

In patients who have been operated on 
for correction of ventricular septal defect 
with a large arteriovenous shunt, it has 
been observed, at the time of operation, 
that the heart was enlarged in the trans- 
verse diameter. This enlargement was 
predominantly into the left hemithorax 
and was atrributable to the enlarged left 
ventricle and the dilated right ventricle. 
Operation has been performed in a few 
patients with pulmonary arterial hyper- 
terision but little or no net left-to-right 
shunt and, therefore, no increase in pulmo- 
nary artery flow. In these cases the 
transverse diameter of the heart was not 
increased, although the right ventricle 
was always significantly hypertrophied, 
but not dilated. The presence or absence 
of ventricular enlargement in these cases 
can usually be determined roentgenolog- 
ically with considerable accuracy. 

We are of the opinion that. on the basis of 
these observations, it is often possible to 
predict the magnitude of pulmonary artery 
flow in cases of ventricular septal defect by 
evaluation of the cardiac silhouette and 
the relative sizes of the central and 
peripheral branches of the artery on the 
conventional postero-anterior roentgeno- 
gram. 


METHODS AND MATERIALS 


During the three-year period, 1955 
through 1957, one group of surgeons at the 
Mayo Clinic performed operations for 
repair of ventricular septal defect on {1 
patients in whom there was no evidence of 
complicating congenital or acquired mal- 
formations of the heart or great vessels, 
although increased pulmonary vascular 
resistance was present in many. During 


the same interval, 31 patients were seen in 
whom comprehensive clinical, physiologic, 


and roentgen data indicated the preseng 


of isolated ventricular septal defect com, 
plicated by increased pulmonary vascula, 
resistance of such magnitude that th 
dominant shunt was right to left. Thy 
latter group was considered to be unsyjt. 
able for operation at the time of examin. 
tion because of the suspicion that th 
pulmonary arterial hypertension might no 
be reduced by closure of the defect anj 
that, therefore, a beneficial result woul 
not be obtained. 

In a few patients in each of these tw 
groups criteria for or against surgical 
intervention were equivocal. The totd 
number of such borderline cases was |) 
in 4 of which operation was undertaken. 

For the purpose of this study, th 
patients were divided into three categorie, 
depending on the clinical evaluation «i 
operability: 87 were considered operable 
12 borderline, and 23 inoperable. Patient: 
with small ventricular septal defects who 
were not operated on because the physio 
logic changes were of insufficient magnitude 
to be considered significant were no 
included in this study. 

The thoracic roentgenograms of al 
patients were evaluated independently 
and the findings were correlated with the 
clinical and surgical appraisal as 10 
operability. Since the ultimate decisiot 
on this point depends on the magnitude 0 
the pulmonary artery flow, it is evides! 
that the roentgenologic criteria by whit! 
the magnitude of that flow can be & 
timated are of first importance. 

As was stated previously, it has beet 
noted at the time of operation that enlarge: 
ment of the ventricles, as a result 0 
increased pulmonary artery flow in ventr: 
ular septal defect, produces an increas 
in the transverse diameter of the heatt 
In the presence of a normal or decreased 
pulmonary artery flow, there is little or 
change in the size of the left ventricle, at 
the transverse cardiac diameter may be 
normal, even though the right ventricle D 
greatly hypertrophied. With this in mind 
the cardiothoracic ratio was measured 
each case. 
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VENTRICULAR SEPTAL DEFECT AND PULMONARY HYPERTENSION 
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Operable Border line Inoperable 
60+ — 
= 
3 40 one 
g ” 
8 20 
q 
10 
050 O51 O56- 060 0.50 O51 0O56- O60 0.50 0.51- 
orless 0.55 0.60 or more orless 055 0.60 or more orless 0.55 
No. of 5 26 26 38 7 4 1 0 9g 9 2 3 
patients 
Cardio-thoracic ratio 
Fig. 5. Correlation of operability with the cardiothoracic ratio. 


Increased pulmonary artery flow can 
also be estimated on the basis of size of the 
main pulmonary artery and its central and 
peripheral branches. In cases of high 
flow and ‘ow resistance the peripheral 
branches are enlarged in the same propor- 
tion as the central branches. Abrams 
(1), Keats and associates (5), and others 
have shown that the presence of pulmonary 
hypertension due to increased pulmonary 
resistance is manifested radiographically 
by an abrupt narrowing or tapering of the 
peripheral pulmonary arteries. In the 
present study, these changes were evaluated 
by estimating the relationship of the size 
of the central branches to the peripheral 
branches and tabulating deviations from 
the normal relationship. Actual measure- 
ment of the diameter of the vascular 
shadows was not attempted because of 
the difficulty encountered in duplicating 
exactly the site of measurement in the 
different patients and in correcting for the 
difference in patient size and age. 

A review of the physiologic data made it 
evident that the pressure in the main 
pulmonary artery was rather high and 


virtually equal to the systemic pressure in 
nearly all cases in all three categories. 
Almost all patients, then, had severe 
pulmonary hypertension. No attempt 
was made to correlate the pressure in the 
main pulmonary artery with the clinical 
or the roentgenographic evaluation of 
operability. In a few of the operable 
group, the pressure in the main pulmonary 
artery was only moderately elevated and 
these patients were found to have rela- 
tively small defects. 

The total pulmonary resistance and the 
degree of left-to-right and right-to-left 
shunts, as determined at cardiac cath- 
eterization, bore a definite relationship to 
the clinical indications of operability. 
Correlation of catheterization findings with 
the roentgenologic criteria of operability 
would therefore seem unnecessary. 


FINDINGS 
Operable Group: In the 87 patients in 
whom the clinical evaluation indicated 


that surgical closure of the defect would 
produce a beneficial result, the roentgeno- 
logic manifestations were remarkably sim- 
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Border line Inoperable 
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Discrepancy in the relationship of the size of the central 
and peripheral pulmonary arteries 


Fig. 6 


ilar. The typical findings on the conven- 
tional postero-anterior chest film were 
an increase in the transverse diameter of 
the heart and gross enlargement of the 
main pulmonary artery and its central and 
peripheral branches (Figs. 1-4). 

In 94 per cent of the 87 patients (S2 
patients) the cardiothoracic ratio was 
greater than 0.50 and in 44 per cent 
(38 patients) it was greater than 0.60 
(Fig. As mentioned previously, this 
increase in the transverse diameter of the 
heart is a manifestation of left and right 
ventricular enlargement. In 6 per cent of 
the S87 cases (5 patients) in which the 
cardiothoracic ratio was 0.50 or less, the 
defect was small and the resultant hemo- 
dynamic alterations were mild. 

The relationship between the size of the 
main pulmonary artery and its central 
and peripheral branches was found to be 
normal in 97 per cent (S84 patients) of 
this operable group (Fig. 6). In only 3 
patients was there a moderate discrep 
ancy between the size of the large elastic 


5). 


Correlation of operability with roentgen evidence of the central and peripheral pulmonary arteries 


arteries and the peripheral arteries. One 
of this number had a postoperative pres 
sure in the right ventricle of 55 mm. d 
mercury and died of heart block on the 
fourth day after operation. A moderately 
severe degree of increased pulmonary 
vascular resistance may be assumed to 
have been present in this instance. The 
other 2 did well after operation without 
evidence of residual pulmonary hyper 
tension. 

It is significant that all patients in the 
operable group, with the single exception 
mentioned in the preceding paragraph, 
had definitely reduced pulmonary artery 
pressures postoperatively. Those it 
whom a complete closure of the defect was 
possible and who survived beyond the 
postoperative period were virtually free 0! 
organic cardiac symptoms. 

Borderline Group: The clinical evalua 


tion of operability was equivocal in 2 
patients, 4 of whom underwent operation. 
In this group, the roentgenologic evalua 
tion indicated, for the most part, the 
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Fig. 7. Girl 13 years of age, clinically inoperable 
Main pulmonary artery pressure, 126 mm. Hg systolic 
and 7) mm. diastolic. Total pulmonary resistance, 
2,420 dynes:second-:em.~° —Left-to-right shunt, 9 per 
cent; right-to-left shunt, 24 per cent. Cyanotic for 
years. The central branches are moderately enlarged 
and the peripheral branches are of normal caliber 
Cardiothoracic ratio, 0.41. 


presence of increased pulmonary vascular 
resistance. 

The cardiothoracic ratio was 0.50 or 
less in 58 per cent of the 12 patients (7 
patients) and was 0.55 or less in 91 per 
cent (11 patients) (Fig. 5). In only 1 
case (9 per cent) did it exceed 0.55, and in 
this instance the heart was only moder- 
ately enlarged. 

The ratio between the size of the central 
branch and that of the peripheral branches 
of the pulmonary artery was abnormally 
increased in 91 per cent (11 patients) of 
this group (Fig. 6). In 66 per cent (8 
patients) the discrepancy in size was 
moderate and in 25 per cent (3 patients) 
it was large. In only | patient (9 per 
cent) was the relationship normal. 

Inoperable Group: In all 23 patients in 
the inoperable group, there was definite 
clinical evidence of inoperability in the 
form of cyanosis or a history of cyanosis on 
exertion, electrocardiographic evidence of 
right ventricular hypertrophy with absence 
of increased workload on the left ventricle, 
or the finding at cardiac catheterization of 







































Fig. 8. a. Woman 25 vears of age, clinically in- 
operable. Main pulmonary artery pressure, 124 mm. 
Hg systolic and 66 mm. diastolic. Total pulmonary 
resistance, 2,463 dynes-secondem. > History of pro- 
gressive cyanosis for four to five months. The main 
pulmonary artery and its central and peripheral 
branches are greatly enlarged and the peripheral 
branches are normal. Cardiothoracic ratio, 0.65. Since 
the history of right-to-left shunt is of relatively short 
duration, it may be assumed that the left ventricle has 
not had sufficient time to become normal in size 

b. Magnified view of the right lung field to demon 
strate better the abrupt narrowing of the peripheral 
arteries 





Fig. 9. Eleven-year-old girl with main pulmonary 
artery pressure of 102 mm. Hg systolic and 44 mm. 


diastolic Total pulmonary resistance, 937 dynes: 
second-cm.~> Defect surgically closed. Postoperative 
pressure in main pulmonary artery, 96 mm. systolic 


and 50 mm. diastolic. Patient is still living but has per- 
sistent pulmonary hypertension. The main pulmonary 
artery is moderately enlarged and the peripheral artery 
branches are of normal caliber. Cardiothoracic ratio, 
0.49. 


a bidirectional shunt with a predominant 
right-to-left shunt at the ventricular level. 
The cardiothoracic ratio was normal or 
only slightly increased in 78 per cent (18 
patients) of this group (Fig. 5). It was 
moderately increased in 9 per cent (2 
patients), and in 13 per cent (3 patients) 
was greatly increased. In these 5 patients 
in whom the transverse diameter of the 
heart was significantly increased in spite of 
elevated pulmonary resistance, it is pos 
sible that the resistance in the pulmonary 
vascular bed was of fairly recent origin 
and that enough time had not yet elapsed 
for the left ventricle to become normal in 


size. It is possible also, although there 
was no Clinical evidence to indicate it, 


that the diagnosis was inaccurate (Fig. 7). 
It is of interest that in a few patients 
in whom serial the 
thorax were available, the transverse diam 
the heart could be de 
crease progressively as the magnitude of 
the left-to-right shunt was reduced. 
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The ratio of the size of the centy 
pulmonary artery to that of the periphery 
branches was increased in 87 per cent (% 
patients) of the inoperable group (Fig 
6). The discrepancy was moderate jy 
43.5 per cent (10 patients) and large jy 
43.5 per cent (10 patients). In 3 cases ( 
per cent) the relationship was norm 
In 2 of these 3 the transverse diameter ¢j 
the heart was normal or only slightly aboy 
normal, and the combination of findings 
suggested the erroneous conclusion that 
the defect was small. In the third patient 
the transverse diameter of the heart wa 
greatly increased and roentgenographically 
there were no signs to suggest inoper 
ability. Examples of inoperable cass 
are shown in Figures 7-11. 


vu 


COMMENT 





It is apparent from the results of this 
study that much corroborative information 
may be contributed by the roentgenologis 
in establishing the presence or absence of 
resistance-type pulmonary hypertension 
and, therefore, operability in cases d 
known ventricular septal defect. 

The roentgen criteria by which one may 
establish the presence of pulmonary hyper- 
tension which cannot be expected to be 
reduced by closure of the defect are (a 
a normal or near-normal cardiothoraci 
ratio due to absence of left ventricula 
enlargement and (b) a discrepancy be 
tween the sizes of the central and peripheral 
branches of the pulmonary artery. It 
evident that the transverse diameter 0 
the heart, as estimated by the cardio 
thoracic ratio, is increased significantly 
in most patients in whom the left-to-right 
shunt is large. As was previously stated 
this increase in the transverse dimension 0! 
the heart is a reflection of biventricular 
enlargement. In many patients having 4 
high pulmonary vascular resistance and 
right-to-left shunt, the heart is normal in 
size or only slightly enlarged, since the 
left ventricle is not usually enlarged under 
these conditions. 

The central branches of the pulmonary 
arteries bear a normal relationship to the 
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VENTRICULAR SEPTAL DEFECT AND PULMONARY HYPERTENSION 


Fig. 10. a. Man 43 years of age, clinically inoperable 
Pressure in main pulmonary artery, 110 mm. Hg sys- 
tole and 62 mm. diastolic. Total pulmonary resist- 
ince, 2,343 dynes second-em.~> —Left-to-right shunt, 
ie percent; right-to-left shunt, 50 per cent. Cyanotic 
‘or years. The main pulmonary artery and its central 
tanches are moderately enlarged; the peripheral 
anehes are normal. Cardiothoracic ratio, 0.55 

Magnified view of the left upper lung field to 
ustrate better the abrupt narrowing of the periph 
imonary artery branches 





yr 





peripheral branches in the presence of a 
large left-to-right shunt. All branches are 
stossly enlarged but there is no discrep 





Fig. 11. Fourteen-year-old girl, clinically inopera- 
ble. Pressure in main pulmonary artery, 110 mm. Hg 
systolic and 60 mm. diastolic Bidirectional shunt 
Cyanotic for vears. Moderate enlargement of the main 
pulmonary artery and its central branches; normal 
peripheral branches. Cardiothoracic ratio, 0.44 
ancy in the relative size. In the presence of 
severe peripheral pulmonary vascular re- 
sistance, the main pulmonary artery and 
its central branches are rather large and 
the tertiary or peripheral branches may be 
seen to narrow abruptly to a normal or 
even smaller-than-normal caliber. 

It appears that these roentgenologic 
criteria are slightly more reliable in patients 
with a left-to-right shunt and in whom the 
peripheral pulmonary vascular resistance 
is normal. In these patients, an excellent 
hemodynamic result was invariably ob- 
tained from closure of the defect, and the 
similarity in the appearance of the 
roentgenograms of the thorax was remark- 
able. 

In the 23 patients who were considered 
grossly inoperable from a clinical stand- 
point and in + who had persistent pulmo- 
nary hypertension after surgical closure of 
the defect, the roentgen criteria were 
slightly less constant. Of these 27 patients, 
7+ per cent (20 patients) had both a 
normal or near-normal transverse heart 
diameter and a discrepancy in size be- 
tween the central and peripheral branches 
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of the pulmonary artery. In 15 per cent 
(4 patients), however, although there was 
the expected discrepancy in the size of 
the branches of the pulmonary artery, 
there was a moderate-to-large increase in 
the transverse measurement of the heart. 
In 7 per cent (2 patients) the heart size was 
normal or near normal, as was the relation- 
ship between the central and the peripheral 
branches of the pulmonary artery. In 1 
patient in this inoperable group, the 
presence of an increased cardiothoracic 
ratio and a normal relationship between 
the size of the central and the peripheral 
branches of the pulmonary arteries in- 
dicated erroneously that the peripheral 
pulmonary vascular resistance was normal. 

Obviously there are some limitations to 
the application of these roentgen criteria 
of operability in patients with ventricular 
septal defect. It has been emphasized 
repeatedly in the recent literature that the 
specific diagnosis of ventricular septal 
defect cannot be made by conventional 
roentgen means with any degree of cer- 
tainty. It is necessary, therefore, that the 
diagnosis of ventricular septal defect be 
firmly established and that the coexistence 
of other cardiac malformations be excluded 
by clinical methods or by cardiac cath- 
eterization, or both, before these criteria 
are applied. Increased resistance in the 
pulmonary artery may be a complicating 
factor in other congenital lesions of the 
heart such as atrial septal defect, patent 
ductus arteriosus, anomalous pulmonary 
venous connection, and persistent common 
atrioventricular canal. The pulmonary 
vascular changes associated with these 
conditions are not unlike those in ven- 
tricular septal defect. Since the hemo- 
dynamic alterations and the associated 
anatomic changes differ so greatly in 
these various types of congenital heart 
disease, the criterion relating to the 
transverse cardiac diameter is not appli- 
cable in predicting their operability. 

In reviewing the roentgenograms of the 
patients comprising this study, it was 
noted that evaluation of ventricular en- 
largement and of the pulmonary vessels 


July 19% 


was extremely difficult in patients J 
than two years of age. It would seep 
therefore, that these criteria of operability 
are of little practical value in this age 
group. 
There is, at least in theory, anothe 
roentgen sign of increased _peripherg 
pulmonary vascular resistance. Sing 
there is a relatively small pulmonary 
artery flow in the presence of increase 
peripheral pulmonary vascular resistance. 
it seems reasonable to assume that, if the 
pulmonary valve is competent, ther 
should be normal or, perhaps, subnorm| 
pulsations in the central branches of the 
pulmonary artery. The reverse of this; 
true and is well documented (2, 5,7 
in patients with normal pulmonary resis 
ance and a large left-to-right shunt throug) 
a ventricular septal defect. In such 
instances the central branches of the 
pulmonary artery are seen to pulsate 
vigorously (‘‘hilar dance’’). It was not 
possible to evaluate this sign adequately 
in the present study, since only a few d 
the patients had been examined fluoro 
scopically. It is of interest, however, that 
among 6 patients with excellent surgical 
results who were examined fluoroscopi- 
cally, 5 were described as having exag 
gerated hilar pulsations. On the other 
hand, of 5 clinically inoperable patients in 
whom fluoroscopy was done, 4 were consid- 
ered to have normal hilar pulsations. 


SUMMARY 


A brief summary of the anatomic and 
functional pathology of ventricular septal 


defect has been presented, with special 
emphasis on the manner in which some 
alterations are manifested roentgeno 
logically. Determination of the magnitude 
of the pulmonary artery flow, which is 4 
reflection of the peripheral pulmonary 
vascular resistance in the presence of @ 
large defect, is the most significant pou 
in the evaluation of pat ‘ents with ventric: 
ular septal defect and in the selection ol 
those who may benefit from surgical 
closure of the defect. Roentgen criteria of 
operability and inoperability have beet 
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evaluated. The results of this study show 
‘that the presence or absence of increased 


peripheral pulmonary vascular resistance 
mav be predicted in a high percentage 
of patients on the basis of the roentgen 
findings. 

The decision as to operability in the 
individual patient with known ventricular 
septal defect is frequently difficult to 
make. While it is obvious that it must be 
based primarily on clinical aspects, the 
prediction of surgical success or failure 
can often be made on the roentgen findings. 
Roentgenology, then, may assume its 
place with cardiac catheterization and 
electrocardiography as a valuable aid to 
the cardiologist and surgeon on whose 
shoulders the final decision as to oper- 
ability must rest. 


Mayo Clinic 
Rochester, Minn. 


VENTRICULAR SEPTAL DEFECT AND PULMONARY HYPERTENSION 





REFERENCES 


1. ABRAMS,H.L.: Radiologic Aspects of Increased 
Pulmonary Artery Pressure and Flow. Preliminary 
Observations. Stanford M. Bull. 14: 97-111, May 
1956. 

2. BrRuwer,A J.: Practical Value of the Postero- 
anterior Roentgenogram and Roentgenoscopy in Cer- 
tain Types of Heart Disease. Am. J. Roentgenol. 76: 
664-692, October 1956. 

3° DUSHANE, J. W., AND KIRKLIN, J. W.: Selection 
for Surgery of Patients With Ventricular Septal Defect 
and Pulmonary Hypertension. Circulation. 21: 13 
20, January 1960. 

4. Epwarps, J. E.: The Lewis A. Conner Memo- 

rial Lecture: Functional Pathology of the Pulmonary 
Vascular Tree in Congenital Cardiac Disease. Circu- 
lation 15: 164-196, February 1957. 
5. Keats, T. E., Krets, V. A., AND Simpson, E.: 
The Roentgen Manifestations of Pulmonary Hyper- 
tension in Congenital Heart Disease. Radiology 66: 
693-700, May 1956. 


6. Kincarp, O. W.: Approach to the Roentgeno- 


logic Diagnosis of Congenital Heart Disease. J.A.M.A. 
173: 637-647, June 11, 1960. 
7. Vickers, C. W, AND KINCAID, O. W.: Evalu- 


ation of Conventional Roentgenologic Methods in the 
Study of Congenital Heart Disease. Minnesota Med. 
41: 680-686, October 1958. 


SUMMARIO IN INTERLINGUA 


Defecto Ventriculo-Septal e Sever Hypertension Pulmonar: Considerationes Radiologic in le 
Selection de Patientes pro le Tractamento Chirurgic 


Es monstrate que il es frequentemente 
possibile predicer le magnitude del fluxo 
pulmonoarterial per le evalutation del sil- 
houette cardiac e del dimensiones relative 


del brancas central e peripheric del arteria 


in le roentgenogramma _postero-anterior 
routinari. 

Esseva studiate tres gruppos de patientes 
con significative defectos ventricular: S7 
casos considerate como operabile surer le 
base de criterios clinic, 12 casos liminal, e 
23 casos considerate como imoperabile. 

In le gruppo clinicamente considerate 
como operabile—i.e. le gruppo de _ pa- 
tientes in qui il esseva justificate expectar 
que le clausion chirurgic del defecto 
producerea un effecto benefic—le con- 
‘tatationes roentgenographic esseva_ty- 
picamente augmento del diametro trans- 
verse del corde e allargamento grossier 
del major arteria pulmonar e de su brancas 
central e peripheric. In le casos liminal, 
le evalutation roentgenoscopic indicava 
im le majoritate del subjectos un aug- 





mento del resistentia pulmono-vascular. 
In le majoritate de iste casos, le proportion 
cardio-thoracic esseva infra 0,55, e le 
proportion inter le dimensiones del brancas 
central e illos del brancas peripheric del 
arteria pulmonar esseva anormalmente 
augmentate. In le non-operabile gruppo, 
le criterios roentgenoscopic esseva leve- 
mente minus constante. In circa tres 
quartos del patientes le proportion cardio- 
thoracic esseva normal o quasi normal, e 
in le majoritate del casos le proportion 
inter le dimensiones del central arteria 
pulmonar e del brancas peripheric de illo 
esseva augmentate. 

Es concludite que le roentgenologia pote 
prender su placia con le catheterismo 
cardiac e con le electrocardiographia como 
un utile auxilio pro le cardiologo e le chi- 
rurgo qui debe, ultimemente  acceptar 


le responsabilitate del decision con re- 
specto al operabilitate del casos de pa- 
tientes qui suffre cognoscitemente de de- 
fectos del septo ventricular. 


Angiography of the Internal Carotid 


with Use of the Catheter Technic} 


P. ELFVIN, M.D. 


INCE SELDINGER in 1953 introduced his 

technic of inserting a catheter per- 
cutaneously, this method, either in its 
original or modified form, has been widely 
used for the examination of various vascu- 
lar areas. Cerebral angiography, however, 
is still performed mainly with direct in- 
jections of contrast material through the 
puncture needle, according to the proce- 
dure described by Lindgren (1947). The 
frequency of complications with this 
method has gradually decreased as technic 
has improved and better and less toxic con- 
trast media have become available. There 
are still reports, however, of serious, some- 
times lethal, complications. Inadvertent 
intramural contrast injection has been 
described by several writers, including 
Liverud (1958), who in one year had 3 
deaths due to occluding dissecting 
aneurysms resulting from this accident. 
Saltzman (1959) reported 101 extravasal in- 
jections in a series of 1,020 cerebral angio- 
graphic studies. The number of clinical 
complications is not given. Replacement 
of the sharp puncture needle by a soft 
catheter should eliminate the risk of com- 
plications of this type. Another disadvan- 
tage of the needle technic is the rather 
low degree of selectivity. In Saltzman’s 
series only 58.5 per cent were internal 
carotid angiographic studies, the other 
41.5 per cent being classified as common 
carotid angiography. In addition, an un- 
intentional injection into the external 
carotid was first made. 

That the catheter method has not been 
more commonly employed for cerebral 
angiography is no doubt due mainly to 
warnings against its use. Lindbom (1957) 
found a high frequency of spasm in the 
arteries of the extremity during catheter 
angiography. He assumes that anatom- 


ical resemblance between various ves- 


sels—in this case between the mediuy 
coarse muscular arteries of the extremitig 
and the carotid artery—corresponds to ; 
similarity in tendency to spasm and ther. 
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fore warns against inserting a catheter inty E 


the carotid artery. Wickbom and Bartley 
(1957) arrived at a similar, although les 
categorical, conclusion after analyzing their 
arteriographic series on extremities. They 
mention 2 cases of complications among 
20 carotid angiographic examinations with 
a catheter. At least one of these wa 
believed to be due to arterial spasm. 


CLINICAL MATERIAL 


The catheter technic was employed in 
the performance of 124 internal carotid 
angiographic studies on 104 patients—4) 


females and 59 males—at M6lndal’s 
Hospital (M6lndal, Sweden) _ between 
August 1956 and January 1959. The 124 
examinations demonstrated 20 cerebral 


tumors (including cerebral metastases) and 
15 vascular disorders consisting in arterial 
and arteriovenous aneurysms, carotid 
thromboses, and subdural hematomas 
In 89 cases the findings were normal. 


TECHNIC 


Premedication with morphine-scopol- 
amine and a sterile technic are employed. 
After palpation for a suitable puncture site 
comparatively far down on the common 
carotid artery, generally about 2 cm. above 
the clavicle medial to the sternocleido- 
mastoid muscle, the anesthetic is it 
jected. This consists in a small cutaneous 
infiltration and periarterial introduction 0 
8 to 10 ml. of 1.0 per cent Xylocain around 
the common carotid and its branching. 

The arterial puncture is then performed 
with a Seldinger cannula (P 160) with a 
internal cannula and mandrin. The tp 
is directed about 30° cranially from the 


! From the Roentgenological Department of Mélndal’s Hospital (Head: Dr. E. Selander), Mélndal, Sweden 


Accepted for publication in September 1959. 
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vertical plane. The cannula is carefully 
sided down toward the vessel, while pal- 
pation of the pulse just above the puncture 
jite is carried out with the left hand. 
When the tip rests against the arterial 
wall, the pulsation becomes diffuse and dis- 
appears on slight pressure of the cannula. 
After the vessel has been punctured and 
the internal cannula has been removed, one 
makes sure that the tip of the external 
cannula is in the vascular lumen. The 
angle between the artery and the cannula 
is then decreased as much as possible and 
the guide is inserted. The puncture should 
thus be made with the cannula in a com- 
paratively vertical position, the insertion 
of the guide with the cannula being ac- 
complished as horizontally as_ possible. 
This is to prevent the guide from emerging 
into any puncture hole which may have 
occurred in the posterior wall of the artery. 

A metal guide of 40 cm. length with a 
flexible end is inserted for a distance of 
about 10 cm., counting from the puncture 
siteinthe skin. Its curvature permits the 
guide in most cases to be directed into the 
desired arterial branch. If inserted with 
the concavity of its curvature in a postero- 
lateral direction, the guide will find its way 
into the internal carotid artery; if the 
concavity is in an anteromedial direction 


during insertion, the guide will run into the . 


external carotid artery. 

The passage of the guide must be per- 
formed with caution. It should slide 
into place easily and painlessly. If any 
resistance is encountered, no force must be 
ued. If the resistance is on a level with 
the tip of the cannula—which can easily 
be checked by subtracting from the total 
length of the guide its measurement outside 
the cannula—the guide should be removed 
and the position of the cannula should be 
adjusted. If the resistance occurs above 
the tip of the cannula, the guide should be 
pulled back a little, the cannula removed, 
and the catheter inserted. The guide is 
then removed and preliminary arteriog- 
raphy of the throat vessels is performed. 

After insertion of the catheter and re- 
moval of the guide, a small tap piece is 
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screwed to the adapter of the catheter. 
For a catheter we use a polyethylene tube 
(PE 160) 20 cm. long, which has been 
trimmed according to Seldinger’s method. 
The position of the catheter is checked by 
rapid injection of physiological saline. 
When it is correctly placed in the internal 
carotid artery, a pallor is seen at the root 
of the patient’s nose. This rapidly dis- 
appears and the patient complains of a 
cold feeling inside the head, back of the 
eyes. If the catheter lies in the external 
carotid artery the pallor appears over the 
cheek and the patient experiences an un- 
comfortable sensation in his jaws and 
teeth. If the wrong branch of the common 
carotid artery has been entered, adjust- 
ment can be made by sliding the catheter 
down into the main trunk and, after a 
suitable rearrangement of the head, direct- 
ing it upward again. In 85 per cent of the 
cases in our series, the catheter could be 
placed in the internal carotid artery; other- 
wise contrast material, either in a larger 
amount or of greater concentration, was in- 
jected into the common carotid artery with 
no disadvantage. With the catheter in the 
internal carotid artery, injections of 6 to 
8 ml. 45 per cent Urografin were made; 
with the catheter in the common carotid 
artery, the same amount of 60 per cent or 
10 ml. of 45 per cent Urografin was ad- 
ministered. 

While the catheter lies within the vessel, 
frequent small injections of physiological 
saline should be given, but aspiration must 
first be performed. 


RESULTS 


Out of 124 studies there was one slight 
complication of short duration, in a male, 
aged fifty-four, who four weeks prior to 
the examination suffered a subarachnoid 
hemorrhage. No abnormal neurological 
findings were noted immediately before 
the examination. Right- and left-sided 
carotid angiographic studies were per- 
formed without complications. A widen- 
ing of the anterior ramus communicans 
half the size of a pea was observed and 
aneurysm was suspected. One week later 
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Fig. 1. 


Angiogramis in one of twocases of arterial spasm. 


Note arterial contraction around the tip of the catheter 


with residual contrast in the main trunk of the internal carotid, on views B and C, which were obtained about |; 


to 2-and 3 to 4 seconds, respectively, after A. 


left-sided angiography was again carried 
out. Two injections of 60 per cent con- 
trast medium, one in the common and one 
in the internal carotid artery, were given 
to obtain lateral views. A further injec- 
tion, also of 60 per cent contrast material, 
was then made into the internal carotid, 
with compression of the common carotid 
on the right side, for frontal views. About 
twenty minutes after the last injection, a 
slight, right-sided hemiparesis developed 
which had greatly improved after four 
hours and disappeared after three days. 
Nothing remarkable beside the aneurysm 
was found on the roentgenograms. There 
were no signs of arterial spasm and the 
circulation time seemed to be normal. 
This complication probably must be as- 
cribed to the toxicity of the concentrated 
contrast agent accentuated by carotid 
compression. No other complications oc- 
curred. 

In view of the tendency to local spasm, 
arteriographically demonstrated by several 
correspondents, following catheterization 
of medium-sized and fine muscular arteries 
of the extremities, our series of cases has 
been studied with reference to this point. 

In 2 cases arterial spasm around the 


No clinical signs of complication. 


catheter could be observed. In a fifteen- 
year-old boy with epilepsy, carotid angiog 
raphy was performed in order to exclude 
cerebral tumor. The puncture and pas 
sage of the catheter were normal. With the 
catheter in the internal carotid, two injec: 
tions of 6 and 10 ml. 60 per cent Urografin 
were given without any signs of arterial 
spasm. In order to examine further 2 
suspected dislocation of the middle cere 
bral artery, an additional injection of § ml 
60 per cent contrast material was ad 
ministered. A pronounced arterial cor 
traction around the tip of the catheter 
as well as severely retarded circulation 
(Fig. 1), could then be observed. \0 
symptoms or findings deviating from the 
normal could be found after the examin 
tion, however. 

Another patient, a male aged fifty-three 
in poor general condition and _ suspected 
of having cerebral metastases, exhibited 
signs of increased intracranial pressutt. 
The first injection, with the tip of the 
catheter in the common carotid artery, 
sulted, as in the first case, in contractiol 
around the tip and retarded circulation 
After the catheter had been placed further 
down in the common artery the exami 
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tion was completed without any signs of 


m. The patient showed no symptoms 


or findings of any complication after con- 
clusion of the examination. 


DISCUSSION 


Lindbom in his series of 20 brachial 
arteriographic studies found arterial con- 


‘traction around the catheter in all. In 


about half the cases the contraction was 


' total and the circulation proceeded through 
' collaterals. 


Wickbom and Bartley, in a 
series of 108 examinations of the extrem- 
ities, reported arterial spasm in 39 per 
cent. In females less than thirty years of 
age the frequency of spasm was 75 per cent. 

In our carotid angiographic studies only 
2 cases were encountered with signs of 
arterial spasm, constituting 1.5 per cent of 
the entire series, with none in females. 
This astonishing difference in frequency of 
spasm must in our opinion be due to con- 
siderably less sensitivity to mechanical 
excitation in the carotid artery than in the 
arteries of the extremities, despite the 
anatomic resemblance. This assumption is 
supported by the known fact that the 
arteries of the central nervous system (as 
well as the coronary arteries) differ from 
the arteries of the extremities in their reac- 
tion to chemopharmacological stimulants. 

The anesthetic probably is also of in- 
portance in avoiding arterial spasm. An 
extensive periarterial infiltration compara- 
tively far down in the common carotid 
artery should give at least partial block of 
the sympathetic nervous system. (Hor- 
ner's syndrome was found only once or 
twice.) Clinically a sympathetic block 
las been employed in arterial spasm of 
various origins, as in carotid spasm after 
periarterial injection with the needle method 
‘Abbott, Gay, and Goodall; Kaplan and 
Walker, and others). 

As previously mentioned, Wickbom and 
Bartley reported 2 complications in 20 
catheter carotid angiographic studies. 
Vne of these, at least, was believed to de- 
pend on arterial spasm, but further details 
ae not given. Liverud experienced no 
‘omplication caused by spasm in 1,000 


carotid angiographic examinations with 
the catheter. Nor were there any such 
complications in our 124 examinations. 
No further series examined by this technic 
has been published to our knowledge. 
The following conclusions seem therefore 
to be justified. 

The experience gained thus far does 
not confirm the assumed danger of the 
method but, on the contrary, illustrates 
its advantages: 

1. The risk involved in intramural and 
extravasal injections is eliminated. 

2. The examination is easily borne by 
the patient. 

3. Unlimited possibilities of special pro- 
jections are afforded. 

4. Examination of the common internal 
and external carotid arteries can be per- 
formed at the same examination without 
renewed puncture. 

5. Automatic procedures with pressure 
syringe and film-changer enable the per- 
sonnel to remain outside the examining 
room during the exposure. 

The catheter method has one disad- 
vantage: namely, it is more time-con- 
suming than needle injection. The total 
time required for sterile arrangements and 
passing of the guide-catheter after the 
puncture is about five to ten minutes, but 


’ this, in our opinion, is of no importance as 


compared to the advantages gained. 


SUMMARY 

The catheter technic was employed in 
the performance of 124 internal carotid 
angiographic studies. The procedure is 
described and the observations are dis- 
cussed with special reference to the risk 
of complications due to arterial spasm. 
In only 2 cases were minor arterial spasms, 
without sequelae, observed about the 
catheter tip. The method is recom- 
mended. 


Lanslasarettet i Mélndal 
Molndal, Sweden 
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AND WALKER, A. E.: Complications 


SUMMARIO IN INTERLINGUA 
Angiographia del Carotide Interne, per Medio del Uso del Technica Catheteral 


Le technica catheteral pro angiographia 
del carotide interne es describite. In 
124 studios in 104 patientes effectuate al 
Hospital Mélndal (a Mélndal in Sveda), 
non plus que un sol e minor complication 
esseva incontrate, un leve hemiparese 
dextero-lateral que dispareva intra tres 
dies. Attention particular esseva prestate 
al occurrentia de spasmos arterial, proque 
altere autores ha reportate le tendentia a 
spasmo local post catheterismo arterial in 
le extremitates. In solmente 2 casos, un 
certe contraction esseva notate circum le 
puncta del catheter. Isto resultava in un 
retardo del circulation durante le injec- 
tion, ni un ni le altere del duo 
patientes manifestava ulle detegibile devi- 
ation ab le norma al conclusion del ex- 
amine. 

Le experientias colligite in le uso de iste 
methodo usque al tempore presente non 
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ha confirmate le periculo ascribite a illo 
al contrario, illos demonstra su avantages. 
(1) Le risco del occurrentia de injections 
intramural e extravasal es eliminate. (? 
Le examine es facilemente supportate pe 
le patientes. (3) Projectiones special de 
veni possibile sin ulle restriction. ( 
Le examine del arterias carotic externe¢ 
interne commun pote esser effectuate inl 
mesme session, sin le necessitate de ui 
secunde punction. (5) Dispositivos aute 
matic con syringa de pression e excall- 
biator de pellicula rende possibile que 
personal remane foras del camera durante 
le exposition. 

Le methodo ha possibilemente un dis 
avantage: Illo require cinque a dec 
minutas pro completar le mesuras ¢ 
sterilisation e pro inserer le catheter-guiti 
post le punction. Es opinate que 1st 


disavantage es negligibile in comparatia 
con le avantages del methodo. 
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faulty Contrast Medium Injection in 


Percutaneous Ventricular Puncture’ 


BENJAMIN E. GREENBERG, M_D., 


ee subxiphoid ventricular 


puncture, designated by Ponsdomen- 


Fech and Nifiez (6) as cardioangiography, 
" has been shown to be a safe procedure for 


contrast delineation of the ventricular 


‘chambers of the heart and the outflow 


tracts, and for determining the competency 
of the mitral valve. It has been partic- 
ylarly useful in the diagnosis of conditions 
affecting the thoracic aorta and its branches 
and for clarification of the surgical anatomy 
with respect to operability. This report 
presents 6 instances of faulty contrast 
injection occurring in the course of a total 
of 41 percutaneous ventricular punctures. 
These cases along with those collected from 
the literature will be discussed as to inci- 
dence, radiographic features, and sequelae. 


LITERATURE 


Ponsdomenech and Nijiez carried out 
cardioangiography with manual injection 
of 70 per cent Diodrast in 56 instances in 
more than 30 patients. In 1 case the con- 
trast medium was completely injected into 
the pericardial space without significant 
effect upon the patient. Smith ef al. (7), 
using Diodrast and Hypaque, performed 
33 injections in 32 patients with 1 instance 
of ventricular arrest, with recovery follow- 
ing cardiac massage. This accident was 
attributed to the injection of contrast 
medium directly into the left coronary 
artery. Lehman et al. (3) did ventricular 
punctures, a procedure which they termed 
cardiac ventriculography, 77 times in 60 
patients. They used mechanical injection 
of 70 per cent Diodrast and rapid filming. 
Inadvertent intramyocardial injection oc- 
curred 8 times; in 1 patient with mitral 
Valvular disease this mishap was followed 
by a complete heart block, which per- 
sisted. More recently Lehman and _ his 


From the 
B.E.G., 
1959, 


85 


and FREDERICK H. KNOX, M.D. 


co-workers (4) in evaluating various 
methods of coronary artery opacification 
reported 230 ventricular punctures in 199 
patients. Intramyocardial injection oc- 
curred in 5 cases, with 2 fatalities. 


METHOD 


McCaughan and Pate (5) described in 
detail the method of ventricular puncture 
used at our hospital, with 31 injections in 
29 patients. Briefly, it consists of rapid 
manual injection of 20 to 40 c.c. of 70 
per cent Urokon with one or two needles. 
During the injection a Valsalva maneuver 
is maintained to raise the intrabronchial 
pressure and thus slow the rate of flow of 
the contrast medium (1). The patient is in 
the supine or right posterior oblique posi- 
tion. Serial exposures at two-second in- 
tervals are made immediately after com- 
pletion of the injection for a total of 12. 
The Valsalva maneuver is discontinued 
at the end of or, in some instances, about 
midway in the exposure series. The re- 
sults have been satisfactory both from a 


_ radiographic point of view and for diag- 


nosis. Figure 1 shows films obtained by 
this procedure in a case of dissecting 
aneurysm of the aorta. 

The present report covers a total of 41 
injections in 38 patients up to April 1959 
and includes the cases reported by Mc- 
Caughan and Pate. Six instances of 
faulty contrast injection will be briefly 
documented. 


CASE REPORTS 


Case I (Fig. 2). Pericardial Injection: An adult 
male was investigated for an arteriovenous fistula 
of the left subclavian vessels following a stab wound. 
Elevation of the left diaphragm was attributed to 
phrenic nerve injury. The entire 25 c.c. of 70 per 
cent Urokon was injected into the pericardium with 
no untoward reaction. An electrocardiogram taken 
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Fig. 1 Dissecting aneurysm of aorta. A. Contrast-filled narrowed lumen of the thoracic aorta with su. 


rounding density free of contrast medium. 


B. Later in the exposure series, contrast material enters the surrounding channel, demonstrating dissection 
Surgery and autopsy confirmed dissection starting just distal to left subclavian artery. 


shortly after the procedure was normal, and a radio- 
graph obtained the following day showed no evi- 
dence of contrast medium. 


Case Il. (Fig. 3). Intramural Injection: The 
patient seen as Case I had a second ventricular 
puncture a few months later, resulting in partial 
intramyocardial injection. A ventricular tachy 
cardia lasted for a few minutes after the injection, 
with reversion to normal rhythm. A diagnostic 
cardioangiogram, however, demonstrated a false 
aneurysm of the left subclavian artery. This was 
confirmed at surgery. The simultaneous opacifica 
tion of the coronary arteries and veins is of interest. 


Case III] (Fig. 4). Zntramural Injection: An adult 
male was studied for mitral regurgitation. Al- 
though contrast medium was partially injected into 
the wall of the ventricle and into the lumen, a diag- 
nosis was obtained. <A brief ventricular ectopic 
rhythm developed, with return of the pulse to 
normal in a few minutes. Electrocardiograms taken 
before and after the procedure were normal. 


Case IV. Intramural Injection: In an adult male 
with aneurysm of the aortic arch, contrast material 
was injected into the wall of the left ventricle with 
coronary vein visualization. Electrocardiography 
prior to the examination showed remote anterior 


Fig. 2. Pericardial injection. Contrast medium 1! 


pericardium pooled about the great vessels an 
cardiac border. 
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Fig. 3. Intramural injection. Intramural and intra- 
ae injection resulted in simultaneous 
aneurys not the coronary arteries and veins. A false 

tysm of the left subclavian artery is demonstrated. 





septal myocardial infarction. Following cardio- 
angiography the findings were unchanged. 


Case V. Intramural Injection: An adult male 
with hypertension was examined for possible in- 
nominate artery aneurysm. Partial contrast injec- 
tion into the ventricular wall resulted in coronary 
vein visualization. Ventricular tachycardia oc- 
curred, with a return to normal rhythm in a few 
minutes. 


Fig. 4. Intramural injection. Contrast agent in 
wall and lumen of ventricle, with visualization of 
coronary veins. 


Case VI (Fig. 5). Intramural and Pericardial In- 


jection: An adult male was investigated for possible 


aneurysm. Early in the exposure series there was 
evidence of intramural contrast medium and coro- 
nary vein opacification. Later, with discontinuance 
of the Valsalva maneuver and resumption of breath- 
ing, the contrast agent entered the pericardium. 
A ventricular tachycardia resulted, with return to 
normal rhythm in about six minutes. Only a tor- 
tuous aorta was demonstrated 


In the 6 instances of faulty injection of 
contrast medium encountered in this series, 
intramural injection occurred + times, peri- 
‘ardial injection once, and in | case there 
were concurrent intramural and _peri- 
cardial injection of contrast medium. 
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Fig. 5. Intramural and pericardial injection. A. Contrast material injected into ventricular wall, wit 
coronary vein visualization, and also into the lumen, with a resulting diagnostic cardioangiogram. The let 
coronary artery is opacified 

B. Pericardial injection of contrast agent after discontinuance of Valsalva maneuver. Note elevated positios 
of diaphragm 






























DISCUSSION jection of the contrast medium into th 
A total of 42 instances of faulty contrast left coronary artery, but cardiac massa 
medium injection, in a total of 437 at- averted a fatality. Lehman ef al. (4 
tempted or completed ventricular punc- with the largest reported series, had } 
tures, have been reported by various fatalities as a consequence of intramyo- 
authors, including 6 described above. The cardial contrast injection. 
data are summarized in Table I. If rapid- Pericardial injection of contrast medium 
sequence multiple films are not used, appears to be innocuous, not even pro 
evidence of intramural injection may be ducing — significant electrocardiographic 
overlooked because of the radiographic changes. cant 
similarity to the normal trabeculae of the Lehman ef al. (3, 4) believe ventricular Lehman 
ventricular contour in some projections. puncture to be associated with some — 
Venous opacification is unequivocal evi- hazard and list as contraindications atm: 
dence of intramural injection of contrast fibrillation with poorly controlled vet 
substance. It is suspected that this com- tricular rate, paroxysmal atrial tachycar 
plication is more frequent than the litera- dia, and atrial tachycardia resulting fro" F pete 


ture indicates. No serious immediate or atropine administration. Because vel 

delayed injury resulted from this com- tricular tachycardia results from inte Sub 
plication in our cases, even in the presence mural injection a patient with this arrhyth xiphoit 
of aortic aneurysm, hypertensive heart mia should be considered unsuitable 10 F @giog 
disease, and old myocardial infarction. the procedure. és ut 
Smith et al. (7) encountered a_ serious The risk of reaction to iodine-containing ny 


complication following inadvertent in- contrast media is of course also preset! 
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Taste I: DATA ON 137 ATTEMPTED OR COMPLETED VENTRICULAR PUNCTURES REPORTED BY VARIOUS 
AUTHORS 
————— oe saci at = - 5 ‘ 7 
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ia , . : : : Intramuré 
Total No. of No. of Faulty Intramural Pericardial x al 
Author Injections Patients Injections Injection Injection p: ‘ 
, . Pericardial 
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Smith, Cregg, and Klassen . os ‘ 
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uae. Musser, and Ly- oe 
kens (3) 77 60) ' 
nd Win- 
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{Including 2 fatalities 
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Le presente articulo se occupa de un 


total de 41 injectiones effectuate ante 
april 
include 6 casos de defectuositate 
jection. 
talio. 

vistate brevemente, e un total de 
complicationes es tabulate ab series 
periente 437 injectiones individual. 
mortal es relativemente rar. 


1959 in 38 patientes. Le serie 
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|Microangiographic Study of the 





Vasa Vasorum of the Thoracic Aorta’ 


AYRES DE SOUSA, D.M., 


HE PRESENT paper is concerned with 
te application of microradiography 
to the study of the vasa vasorum of the 
thoracic aorta. Relatively little attention 
has been given to these small vessels, 
though the work of Woodruff (1926), 
Winternitz ef al. (1938), and Celestino 
da Costa (1945) may be mentioned. 

The walls of the main arterial vessels 
consist of three layers. (a) The 7ntima is 
formed by the endothelium, which is an 
element common to the whole vascular 
tree and the agent for the metabolic ex- 
change between the blood and tissues. 
b) The media, formed essentially by elastic 
tissue, is limited internally by the internal 
elastic membrane and externally by the 
external elastic membrane, which as a rule 
is less constant and less differentiated 
than the former. (c) The adventitia con- 
sists of connective tissue and elastic fibers. 
The nutrition of the arterial wall is pro- 
vided by a network of small vessels, the 
vasa vVasorum. 

The observation that vessels less than 
| mm. in caliber had no vasa vasorum led 
Petroff (1922) and Anitschkow (1925) 
todemonstrate diffusion of plasma through 
the vessel wall. They injected dogs intra- 
venously with trypan blue and found, on 
sacrificing the animal, that the aortic wall 
was tinged blue in its internal third, 
where there are no vascular structures. 
In animals that were allowed to live longer, 
the entire aortic wall was stained blue. 
Thus it was shown that substances in 
suspension in the blood could diffuse from 
the lumen of a vessel into its walls. This 
interstitial diffusion of the plasma is a 
relatively slow process and demonstration 
of its essential mechanism is difficult. 

The vasa vasorum arise mainly from the 
collateral branches of the aorta, and only 
rarely from the aorta itself, the collater- 
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als involved being the coronary arteries, 
the intercostal arteries, and the lumbar ar- 
teries and other branches of the abdominal 
aorta. The vasa vasorum form two layers, 
one lying superficially on the adventitia 
and the other forming the main network 
in the adventitia. The system originating 
in any one collateral anastomoses with 
those of neighboring systems, producing a 
true perivascular ‘‘sleeve.’’ The type of 
network in the thoracic aorta is slightly 
different from that in the abdominal aorta 
due to the fact that the intercostal arteries 
are situated posteriorly. This produces a 
richer network in the posterior aortic wall. 
In the abdominal aorta (which has major 
vessels arising anteriorly) the network is 
more uniform. 
da Costa (1945) called attention to accen- 
tuations of the network at the level of the 
diaphragmatic hiatus, the celiac axis ar- 
tery, and the bifurcation of the aorta. 
He thinks that these may have a functional 
significance in relation to the regulation of 
the circulation. 
The vessels of the adventitia supply 
’ blood to the deep layers of the arterial wall. 
The depth to which they reach is, however, 
a matter of controversy. Winternitz 
(1938), and Woodruff (1926) are of the 
opinion that the vasa vasorum reach not 
only the media but also the intima, while 
Plotnikow (1884) maintained that they do 
not go beyond the outer third of the 
media, the intima and the inner two-thirds 
of the media being dependent on the inter- 
stitial circulation of the plasma. da Costa 
(1945) thought that in the majority of cases 
the arterial wall is irrigated by the vasa 
rasorum only in its outer layers, the inner 
ones being dependent upon diffusion of 
plasma. The degree and extent of irriga- 
tion by the vasa vasorum and the diffusion 
of plasma vary with the species and with 
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Fig. 1. Typical sinuous pattern of the vessels of the 


adventitia. X40 





the individual. It has been shown, how- 
ever, that there is no fundamental variation 
in the adventitial network of the aortas in 
man, dog, and the cat. 

Because of special properties of permea- 
bility of the intima, the two systems of 
circulation—the vasa vasorum and plasma 
diffusion—are intimately linked to such an 
extent that the return circulation, which 
carries the catabolic products, is via the 
adventitial veins. Short (1940) states that 
even in the case of the vasa vasorum of the 
veins, the return circulation is directed 
toward the veins of the adventitia rather 
than to the lumen of the main vessel. 


METHOD 

The observations reported above have 
all been reached through the use of staining 
dyes, but the literature on the subject is 
rather sparse. We have used for the first 
time the technic of microangiography in 
the study of the vasa vasorum filled with 
contrast medium. 

Trueta (1947) in Oxford studied the circu- 
lation of the kidney by microangiography. 
Bellman (1955) made extensive micro- 
graphic studies, particularly of the vascular 
system of the ovary. Braithwaite and 
Brockis (1951) and Brockis (1953) investi- 
gated the circulation of the extensor and 
flexor tendons and tendon grafts. Trueta 


and Harrison (1953) worked on the pathol- 
ogy of the hip joint, attempting to corre- 
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late it with the fine circulation of the head 
of the femur. Tirman et al. (1951) pub 
lished their findings on microangio 
of the mucosa of the esophagus, sto 
jejunum, ileum, ureter, and endocrine 



















Fig. 2. Marked sinuosity of a vessel of the adventitiz 
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of the aortic arch in man. X80 


glands, while Meschan et al. (1955) dealt 
with the vascular pattern of the cerebral 
vessels. Collette (1953) studied the lym 
phatic vessels and the circulation of the 
eyeball, particularly the anastomoses oi 
vessels of the optic nerve and retina. De 
Sousa and Cruz (1956, 1957) used the 
method for the investigation of the hepatic 
circulation, and Cruz et al. (1958) for the 
pulmonary circulation and the lymphatics 
of the lung. These investigators are at 
present engaged in research on the circule- 
tion of the skin and muscle. 


TECHNIC 

Microangiography is vasculography 0 
a microscopic scale. The material for our 
work was obtained from the cadaver ani 
the dog. The dogs were sacrificed by 
injection of chloroform. Once the thorat 
was open and the lungs and heart retracted 
out of the way, the aorta was carefully 180 
lated and severed at the level of the di 
phragmatic hiatus. All blood was removed 
by a thorough flushing with saline at 38°C. 
after which the aorta was clamped at the 
level of the arch and the intercostal arterié 
were clamped | cm. distal to their origi. 
A barium suspension (50 per cent Micro 
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Fig. 3. 


paque in water) was injected under manual 
pressure, which was kept up for five min- 
utes. The aorta was then removed free 
of its branches, and the lumen washed in 
running water for half an hour. The 
technic of injection in the cadaver was 
exactly the same. 

The specimen was cut in fragments of 
2 X 2 cm., and sections of the whole 
thickness of the wall were also obtained, 
each section measuring 250 to 300 micra. 
The vasa vasorum can thus be demon- 
strated in two planes. In our experience 
we came to realize that fixation of the 
fragments is inadvisable, since this pro- 
duces retraction of the specimen and alter- 
ation of the architecture of the vessels. 
Fixation is recommended, however, for the 
cross sections. The fragments, after sim- 
ple exposure to the air for half an hour, are 
sufficiently dry for mounting between 
two films of styrofoil and are then sand- 
wiched between two glass slides held to- 
gether by an elastic band for twenty-four 
hours, 

The “sandwich” is taken to the dark 
toom and, after removal of the glass slides, 
the specimen in its mount of styrofoil (the 
thickness of the styrofoil is 0.004 mm. and 
it therefore absorbs practically no radia- 
tion) is laid on a photographic plate (de 
Sousa, 1956) and the whole thing is put 
ito a box whose opening is covered with 
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“‘Ball-thread”’ pattern of the vasa vasorum. 
: Fig.4. The “knot’’ pattern, showing the loop and the branches running in opposite directions (dog). 


X45 


X75 


carbon paper fixed to it by an elastic band. 
The specimen is now ready to be x-rayed. 

The x-ray unit has a low-voltage gener- 
ator, the factors being 20 kvp and 20 ma 
for 1.5 seconds. The focus-film distance 
is 30 cm. Kodak D.158 developer in the 
proportion of one to two of water, at a 
temperature of 20° C., is used. Fixation 
is done with standard preparations. Mag- 


nification is obtained by photographic 
means. In the study reported here magni- 


fications up to 200X were used. 
RESULTS 

Appearances: One of the most striking 
findings was the sinuous appearance of 
most of the vasa vasorum (Fig. 1), except 
for the terminal ones, which were often 
straight. Regional variations were ob- 
served. At the level of the aortic arch, 
particularly on its superior surface, the 
sinuosity of the vessels was most marked 
(Fig. 2). Since this area undergoes the 
greatest expansion and withstands the 
greatest impact from the systolic wave, we 
believe that this characteristic morphology 
of the vasa vasorum permits their adapta- 
tion to the distention of the aortic wall 
without interference with its blood supply. 

On the posterior wall of the aorta further 
characteristic patterns are found, with 
“‘thread-ball’”’ formation, in which the 
caliber of the vessels is constant throughout 
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Unilateral branching (dog). 


Fig. 5. 


their complex course (Fig. 3). This archi- 
tecture leads us to assume a damping 
mechanism. The collateral branches of 
the aorta and the branches from the latter 
to the adventitia take off at right angles 
and there appears to be between the main 
vessel and its adventitia a mechanism for 
damping the pressure. The sinuosity of 
the vasa vasorum is one more means of 
achieving this in the capillaries of the 
arterial wall. 

The simplest mechanism of damping is 
the ‘“‘knot,’’ which is seen in the vessels 
that reach the adventitia coming from a 
collateral branch (Fig. 4). The resulting 
divisions run in opposite directions at an 
angle of 180°. Their bifurcations are 


mirror images of each other, with the same 
reduction of caliber. 


Fig. 6. 
Fig. 7. 
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Multiple anastomoses of the branches of the main vasa vasorum in the human aorta. 
“Coronal” pattern at the level of the origin of an intercostal artery (dog). 
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Parallel to the normal division of 4, 
vessels there is a peculiar unilateral bran¢}, 
ing resembling a river, having Confluent; 
on its right or left bank only (Fig. 5), 

Anastomoses: We have already mep. 
tioned the anastomoses in the adventi; 








between the vasa vasorum Originatin; 
from adjacent aortic collateral branche 
These anastomoses occur not only at thy 
level of the precapillaries and capillaries 
but also at the level of the terming 
branches (Fig. 6). 

At the opening of the aortic collater; 
branches the markedly sinuous anastomp. 
ses have a coronal pattern (Fig. 7). 

Findings in Cross Sections: The eros 
sections (Fig. 8) allow a study of the vay 
vasorum in depth. The distribution ¢ 
the vessels coming from the aortic collater. 
als and forming the adventitial network 
(Fig. 9) is of different types. In Type] 
the vessels run parallel to the surface ani 
give off branches of smaller caliber, whic) 
enter either at a right angle or obliquely 
in to the depth of the adventitia. In Typ 
II the vessels enter the adventitia at right 
angles, and their branches run parallel t 
the surface of the wall (Fig. 11). Typ 
III is a ‘‘staircase’’ pattern. It is from 
the last step of the flight that there seem 
to arise the deeper network of the advent 
tial plexus described by Robertson (192! 
(Fig. 12). 

Vascularization of the Media: The ves 
sels that run to the media are of very smal 
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caliber. Microangiography confirms the 
observation that they end for the most part 
at the outer third of the media. 

Experimentally the study of the media 
is relatively simple because, after the injec- 
tion of the contrast medium, it is easy to do 
an adventiectomy. The microgram will 
then show practically only the structures 
of the media and the vessels demonstrated 
are thin and short. The anastomoses are 
gidom long. The network formed is 
tighter and denser at the openings of the 
aortic collaterals. 


SUMMARY 


Microangiography is the method par 
excellence for the study of the vasa vas- 
orum. Up until now this matter has been 
griously neglected. The injection of dyes 
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Fig. 8. Cross section of the human aorta. X4 


allows only the demonstration of the super- 
ficial vessels of larger caliber. Microangi- 
ography permits an easy and more readily 
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The three patterns of cross-sectional branching of the vasa vasorum 
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See Figures 10, 11, and 12. 








Fig. 10. Type I: Vasa vasorum running parallel to the surface of the aorta (man). 95 
Fig. 11. Type II: Vessels entering the wall of the aorta at right angles. 95 












Fig. 12. Type III: ‘Staircase’ pattern. 110 


understood demonstration of fine vascular 
structures than routine serial sections. 
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SUMMARIO IN INTERLINGUA 
Studio Microangiographic del Vasa Vasorum del Aorta Thoracic 


solmente le vasos superficial de plus grande 
calibres. Le autores es le primes qu! ha 
usate le technica de microangiographis 
post plenation del vasos con substantia ae 
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Illes describe lor technica e 


canes e cadaveres. Illes opina que micro- 
angiographia es le methodo del methodos 
oro le demonstration del vasa vasorum. 

Un frappante constatation esseva le 
curso sinuose del majoritate del vasa 
vasorum, lo que es reguardate como un del 
medios que servi a attenuar le pression in 
le capillares del pariete arterial. Varia- 
tiones regional esseva observate in iste 
configuration. Anastomoses esseva pre- 
gente in le tunica adventitie inter le vasa 
vasorum que prende lor origine in adja- 
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cente brancas collateral del aorta. Le 
vasos que forma le rete adventitie exhibiva 
varie arrangiamentos. Plures curreva pa- 
rallel al superficie e emitteva brancas que 
entrava in le profundor del tunica adven- 
titie a angulos recte o oblique. Alteres 
descendeva in le tunica adventitie a an- 
gulos recte e emitteva brancas parallel al 
superficie del pariete. Alteres ancora ha- 
beva le conformation de scalas con series 
de grados. Vasos que attinge le tunica 
medie es de multo micre calibre e se ter- 
mina in le plus grande numero del casos in 
le tertio exterior de iste tunica. 








SUPPLEMENTARY method for the de- 

tection and measurement of radiation 
is the use of photoconductance crystals 
such as cadmium sulfide and cadmium 
selenide, which are employed commer- 
cially in photoelectric operating assemblies, 
such as door openers, counters, burglar 
alarms, automobile headlight dimmers, 
etc. 

These crystals are grouped with the semi- 
conductors of electricity. Exposure to 
light or radiation reduces the inherent 
resistance of the crystal to the passage 
of current so that, by comparatively simple 
circuitry, the changes in resistance can be 
detected and recorded (Fig. 1). This 
resistance change is directly related to the 
quantity and quality of the stimulating 
agent—light or radiation. The small size 
of the crystals (in millimeters), their photo- 
electric properties, and high sensitivity 
make their application to clinical use in- 
triguing. 

While there are a number of reports (9, 
10, 13) in the literature of experimental 
data concerning the use of the crystals as 
detectors of ionizing radiation, there are 
few studies in the medical field concerning 
practical clinical usage. In 1953, Mauldon 
and Martin (12) developed a cadmium sul- 
fide crystal probe for measuring dose rates 
in the rectum following the insertion of 
radon for the treatment of carcinoma of the 
cervix. They have also reported (1955) 
on a needle probe using cadmium sulfide 
crystals for the interstitial measurement 
of the dose delivered to the axillary lymph 
nodes in patients with breast 
Stephens-Newsham and LaPalme (17) have 
used photoconductance crystals as a center- 
ing device in cobalt-beam therapy of the 


cancer. 


esophagus. 
The purpose of the present study is the 


Photoconductance Crystals for Intracavitary Dosimetry 
EMANUEL G. TULSKY, M.D., JEN-TI CHEN, M.D., and ARTHUR FINKELSTEIN, MD. 


correlation of the calculated dose deliver: 
to a volume of tissue with the actual dos 
as determined by intracavitary detecty 








in the form of photoconductance crysta{ 

Commercially available intracaviten 
ionization chambers are usually employ 
for the direct measurement of the dept; 
dose. Cadmium sulfide crystals, howeve 
present several advantages which are ; 
value clinically. Due to the relative; 
low impedance of the crystal, no difficultis 
are encountered in respect to leakage ; 
charge, humidity, or length of cable, su: 





as are found with small intracaviter 
thimble chambers. The _ photoco 
ductance probes are relatively inexpensi: 
—the probes, cable, and ratemeter havin; 
been assembled for less than $100. 
Our studies were based on commercial! 
available cadmium sulfide crystals, 
tained as a Clairex Corp. Cl-2 photoce! 
having overall dimensions of 14 mm. lengti 
and 5mm. diameter. In use clinically in: 
light-proofed plastic shield, the prok 
measured 18 mm. in length and 7 mm.1 
diameter. The flexible coaxial type cabli 
to which the cell was attached, measur 
4 mm. in diameter (Fig. 2). The units 
thus of such size that it can be reaill 
passed into body cavities such as tt 
nasopharynx, esophagus, uterine cer 
etc. Since any length of cable can be use 
the recording apparatus can be locate 
conveniently outside the treatment roo 
while the photoconductance crystal 
within the patient during therapy. 
The initial difficulty encountered ws 
the variation of axial response. For! 
given geometry, the change of photocot 
ductance varied depending upon wit 
aspect the crystal was presenting to U 
source of radiation. This was attributabi 
to the irregular shape of the crystal as we 
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Fig. 1. Simplified diagram of the electronic circuit employed in the rate meter. 
S,. Range selector switch (appropriate resistor R is selected for the input circuit to obtain the 
desired sensitivity. Typical values are 250,000 to 20 million ohms in steps of 1X, 2X, 5X, 10, 


etc. ). 


S,. Function selector switch to facilitate zero adjustment, full-scale calibration, and measuring 


positions. 


B. Four-volt mercury battery used as standard for full-scale calibration of the meter and 


recorder. 


C. Damping capacitor to reduce AC hum pick-up and random resistance fluctuation of the crys- 


tal probe (a typical value is 0.01 mfd). 


VTVM. Vacuum tube voltmeter capable of driving the pen rece der with provisions for zero and 
full-scale adjustments. The plate and filament supply voltages are stabilized to minimize the 


effects of line voltage fluctuations. 


as the variations in absorption due to the 
tinned copper leads with their soldered 
wire. Although of less significance for 
ingle-field radiation, such a defect is seri- 
ous in rotation technics. This situation 
was largely corrected by mounting the 
crystal in a plane parallel to the long axis 
of the cell and placing copper foil directly 
over the more sensitive portions of the 
crystal between the copper leads, thereby 
reducing sensitivity in these areas (Fig. 3). 
The axial variation was found to be great- 
est in the measurements in air rather than 
those within the phantom. Higher quali- 
ties of radiation (above a 1 mm. Cu h.v.1.) 
save a more uniform level of conductance 
than those in the range of superficial 
therapy (1 to 3 mm. Al h.v.1.). 

In the non-medical literature (4, 6, 7, 
', 10) several additional drawbacks to the 
use of photoconductance crystals have 
deel suggested, particularly the slow re- 
‘ponse to radiation, the changes in re- 
sponse due to aging, and the effects of 
‘emperature. At the relatively high dose 








Fig. 2. Intracavitary probe. CdS crystal photocell 
within light-proofed plastic shield plus flexible cable, 
which may be chemically sterilized. 


rate employed in therapy the former is 
not significant, but it might limit the use- 
fulness of the crystals for the measure- 
ment of short diagnostic exposures. The 
response time can be further minimized 
by the method of radiation biasing sug- 
gested by Hollander (7), who found that 
the response time is shortened by pre- 
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Fig. 3. Cadmium sulfide crystal cell, as commercially available and as modified by the authors 


exposing the crystal to radiation. We 
have carried out biasing by exposing the 
crystal to approximately 1,000 r im- 
mediately before use. This can be done 
readily and rapidly with the superficial 
therapy unit at a short target-crystal 
distance. 

Aside from an initial change in response 
during the first month, we have found no 
significant changes due to aging during 
the subsequent year of use of the crystals, 
and early experimental work has been 
reproduced months later. The tempera- 
ture coefficient of cadmium sulfide is ap- 
proximately 0.1 per cent per degree centi- 
grade and therefore negligible in clinical 
studies. 

By means of a unit consisting of a 
crystal probe, ratemeter, and _ recorder 
(Fig. 4), studies with a Presdwood phantom 
were correlated with simultaneous depth 
dose measurements by a Victoreen thimble 
chamber. The qualities of radiation used 
ranged from a h.v.]. of 2.6 mm. Al to 3.9 
mm. Cu. Curves were derived for the 


field sizes most frequently used in clinical 
practice (Fig. 5). 

Within tissue at the depth usually en- 
countered clinically in rotation therapy, 
and for the quality of radiation usually 
employed, 
(Fig. 6). 


the curve is relatively flat 
Thus, although there is a definite 





energy dependence of the crystal, the clix: 
cal usefulness of the probe is not impaired 
The plot of the crystal response (on a 
arbitrary scale using the deflection of th 
needle measured by the recorder division: 
as related to the depth dose reading 
showed that there was no strictly linex 
response to radiation in the qualitic 
selected for study. We cannot, therefor 
say that a recorder division is equal to: 
specific roentgens-per-minute calibration 
The dose rate must be obtained from : 
complete curve calibrated against the 
depth of the probe in the phantom. 
Johns’ (11) tables of tumor-air ratios {0 
rotation therapy dosimetry, as determine! 
by ionization chambers, were found to be 
in essential agreement with our exper 
mentally derived values of depth dose ant 
can be plotted with the values obtainel 
by the crystal studies (Fig. 7). Thi 
permits use of readings obtained by tle 
photoconductance crystal without requ 
ing actual calibration of the crystal agaili* 
an ionization chamber. 
One of the greatest sources of error" 
currently used radiation dosimetry is th 
employment of depth-dose data based ot 
phantoms constructed of unit densi) 
material when the therapy is actually bem 
directed at non-water-equivalent hum 
tissues, the density of which varies frot 
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Fig. 4. Clinical unit. Crystal probe at end of flexible cable in foreground, attached to rate- 


meter. Pen recorder on left. 
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wae 9. Calibration curve. Dose rate at varying depths in phantom as determined by the 
ictoreen thimble chamber (dashed line) compared with arbitrary recorder units obtained with the 
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radiation, while r per minute remain constant. 


Curve A shows variation in response of crystal in air with changes in quality of 


Curve B shows flattening of the curve 


when crystal is at 10 cm. depth in phantom; other factors as above. 


approximately (0.25 (lung) to 1.85 (average 
bone), and the effective atomic number 
from approximately 6 (fat) to 14 (bone) 
(1, 3, 16). 

Pfalzner (14) has attempted to correct 
these variations somewhat by reducing the 
patient’s thickness to an estimated effective 
water thickness. His transit-rate measure- 
ments produced a contour of water which is 
roughly equivalent to the density of the 
patient. These transit-dose studies, how- 


ever, were applied only to rotation therapy. 





The intracavitary application of th 
cadmium sulfide probe enables us © 
determine dose rate actually being é 
livered to the site of interest. When tit 
photoconductance crystal is exposed ! 
radiation in a Presdwood phantom, tlt 
degree of deflection of the needle of the 
recorder varies with the thickness © 
material interposed between the x‘! 
source and the probe. By placing the 
crystal in a phantom or in a patient at# 
unknown depth and correlating the deflee 
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Fig.7. Calibration curve. Tumor-air ratios (Johns) for varying depths (dashed line) compared 


with arbitrary recorder units obtained with the photoconductance crystal probe (solid line). 
This graph demonstrates the use of tumor-air ratio data obtained from Johns’ charts as applied to 
curves obtained from the intracavitary crystal in the calculation of dose rates. 


tion of the recorder needle with the calibra- 
tion curves, the distance from the surface 
(or the skin) to the probe can be expressed 
as equivalent to a specific thickness of 
Presdwood. 

In rotation therapy a continuous record- 
ing of dose rate can be obtained during 
the entire 360° of treatment (Fig. 8). 
The equivalent thickness in terms of 
centimeters of Presdwood can be deter- 
mined at any point in a circle of rotation 
by measuring the degree of deflection and 
converting this figure to centimeters of 
Presdwood from the appropriate calibra- 
tion curve (Figs. 5 and 7). By selecting 
multiple points at varying positions during 
rotation (usually 12 points, 7.e., at every 
30" of rotation) and using the resulting 
thicknesses as radii extending from a point 
\corresponding to the location of the 
crystal in the patient), one can construct 
an equivalent contour in which lung, bone, 
and soft tissues are converted to a single 
density—that of Presdwood (Fig.9). This 
contour may be compared with that repre- 
senting the physical outline of the patient. 


In thoracic irradiation, for example, the 
phantom contour will be reduced in size, 
with the greatest shrinkage occurring, 
as is to be expected, along those directions 
in which considerable lung tissue is tra- 
versed (Fig. 10). 

The construction of the equivalent con- 
tour is a convenience but is not essential 
for the estimation of the dose delivered to 
the site of the crystal. From the graphs a 
direct roentgens-per-minute reading (Fig. 
5) of the tumor-air ratio (Fig. 7) for each 
sector can be determined. The actual dose 
rate at the axis of rotation is found from 
the average of these sector values. 

We have compared the dose rate as 
measured by the various technics in 
thoracic and pelvic rotational therapy. 
In a patient with carcinoma of the mid- 
esophagus, the lesion is located at the 
axis of rotation, where the dose rate as 
determined by conventional methods (tu- 
mor-air ratios applied to the patient’s 
contour) is 15.7 r per minute. If one 


applies Johns’ technic to the equivalent 
contour, the dose rate is 19.5 r per minute 






































4 








] 1x7 7 2e=F) 
ABS? JEEEEIS ETEEST EES 
J o 





Fig. 8. Pen recording of photoconductance crystal 
response to 360° rotation of tube during rotational 
therapy of chest. Probe within the esophagus at axis 
of rotation. Field 6 XK 15 cm. at axis, h.v.]. 2.0 mm. 
Cu, TAD 65 cm. 


or 20 per cent greater than by conventional 
computation. Direct measurement using 
the crystal gives a dose rate of 19.2 r per 
minute. It is thus evident that applying 
the tumor-air ratio method to the equiva- 
lent contour is quite satisfactory, since it 
provides an estimated dose rate within 
15 per cent of that measured by the 
crystal. 

In a series of 11 patients with esophageal 
neoplasms there was a variation in the 
dose rate, as determined by the photo- 
conductance crystal within the esophagus, 
from 10 to 32 per cent greater than the 
dose estimated by using the patient’s 
body outline. 

In a group of 14 patients undergoing 
pelvic irradiation (Fig. 11), the conven- 
tionally calculated dose ranged from 2 to 
16 per cent greater than the actual dose 
delivered to the axis of rotation as deter- 
mined by the photoconductance crystal 
or the equivalent contour. 

Other workers (14, 15), using transit- 
dose methods, have found that the calcu- 
lated dose in radiation to the head ranged 
from 3 to 6 per cent greater than the dose 
actually delivered. Using the crystal for 
direct measurements plus the equivalent 
contour concept, we have found a similar 
variation in two patients with nasopharyn- 
geal lesions. 

Although intensive studies have not been 
made, preliminary investigation confirms 
the work of others that photoconductance 
crystals are of value in intracavitary 
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EQUIVALENT CONTOUR 


Fig. 9. A. Simplified pen recording of readings 
depth dose rate obtained by CdS crystal at 30° inter- 
vals during 360° rotational therapy. : 

B. The equivalent contour obtained by convertitf 
the above readings (vertical lines) into centimeters ® 
Presdwood, using calibration curves shown in Figures: 
or 7. The radii representing depth of probe vary 
versely with the readings of depth-dose rate. 


radium dosimetry. In gynecologic tum 
patients the dose delivered to the bladder 
and rectum by intrauterine radium can be 
determined by the introduction of tht 
crystal into the organ in question. _ 
An attempt to apply this technic © 
diagnostic procedures is under way. For 
example, a solid conductance detector 
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Figs. 10 and 11. Comparison of the contour representing the physical outline 
of the patient (solid line) with the Presdwood equivalent contour (dashed line) 


The probe is in the esophagus at the 


The probe is in the posterior fornix at 
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as obtained through the use of the CdS crystal probe. 
nverting Fig. 10(above). In thoracic radiation. 
reters 0 axis of rotation. 
igures | Fig. 11 (below). In pelvic radiation. 
vary in the axis of rotation. 


the uterus during the course of fluoroscopy 
tumor § and film study of the stomach and duo- 
ladde fF denum should indicate rather accurately 
van be the quantity of gonadal radiation received. 
f the Increased technical problems are apparent 
; because of the energy dependence of the 
uc © crystal as well as the relatively short 

FoF exposure time of the diagnostic procedures. 
tor 1 © However, with modifications suggested by 








Hollander (8) and the development of new 
crystals such as those of Czyzak et al. (4), 
the problems are not insurmountable. 


SUMMARY 


The principle of photoconductance has 
led to an inexpensive supplementary tech- 
nic for the direct measurement of ionizing 
radiation. The small size of the detector 
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crystal lends itself to intracavitary dosim- 
etry, particularly for problems in rota- 
tion therapy. In various locations, partic- 
ularly lesions of the esophagus, the dose rate 
can be determined at the edges of the field 
along the axis of rotation, as well as at the 
intersection of the central ray with the axis 
of rotation, as calculated by conventional 
methods. By the use of this method, the 
actual dose delivered to the patient during 
radiation can be measured directly in any 
patient in whom there is external access 
via artificial passages (-ostomies, drainage 
tubes, etc.) as well as natural orifices. 

An alternate method in the calculation 
of dosage in rotation therapy is the applica- 
tion of tumor-air ratios to the equivalent 
contour in which the patient is ““converted”’ 
to a single density—that of Presdwood. 
Thus correction is automatically made for 
differences in transmission through lung, 
bone, and soft tissue. 


Graduate Hospital 
19th and Lombard Sts. 
Philadelphia 46, Penna. 
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SUMMARIO IN INTERLINGUA 


Crystallos Photoconductive in Dosimetria Intracavitari 


Es describite un methodo supplementari 
pro le detection e mesuration de radia- 
tion per le uso de crystallos photocon- 
ductive, como sulfato o selenuro de cad- 
mium., 

Le micre dimensiones del crystallo de- 
tectori facilita su uso in le dosimetria 
intracavitari, specialmente pro problemas 
de therapia rotational. In varie loca- 
tiones, specialmente in lesiones del eso- 
phago, le dosage pote esser determinate 
al margines del campo al longo del axe de 
rotation e etiam al intersection del radio 
central con le axe de rotation (como illo 





es calculate per methodos conventional). 
Per le uso del presente methodo, le dos 
que es de facto delivrate al patiente durante 
le radiation pote esser mesurate directe: 
mente in omne caso in que il existe un via 
de accesso per passages artificial (-osto- 
mias, tubos de drainage, etc.) e etiam pe 
orificios natural. 

Un altere methodo in le calculation de 
dosage in therapia de rotation es le appl 
cation del proportion tumor,aere a 
“contorno equivalente” in que omme ke 
tissus del patiente es reducite a un sol den- 
sitate, i.e. le densitate de Presdwood. 
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ue ExAcT biological status of an oral 
to is often difficult to assess 
on the completion of irradiation. Residual 
neoplasm may be suspected because of per- 
sistent induration, excrescence, or ulcera- 
tion. The radiation reaction, usually in- 
tense at this time, makes interpretation of 
these findings uncertain. Immediate bi- 
opsy is not advisable and determination of 
cancer cell viability by histologic examina- 
tion may be difficult. This paper reports 
a study undertaken to ascertain the value 
of oral smears in the diagnosis of residual 
neoplasm following irradiation for oral 
cancer. 








MATERIAL AND METHOD 


Direct smears were taken from the sites 
of 25 irradiated oral carcinomas of the floor 
of the mouth, palate, gingiva, tongue, 
tonsil, and glossopalatine fold. The 
smears were obtained during and at the 
completion of treatment, which was usually 
administered over periods of five to seven 
weeks. In 14 of the cases smears were also 
taken during the post-irradiation months. 

The smears were fixed in ether-alcohol, 
stained according to the Papanicolaou 
technic, and examined for the presence of 
malignant cells, with no attempt at differ- 
entiation of viable from nonviable cells. 


RESULTS 


The cytologic findings during irradiation 
have been published elsewhere (1-4). 

In 16 of the 25 patients malignant cells 
were still present in the smears at the com- 
pletion of treatment; the smears from 5 
others were equivocal, and in the remaining 
ithe smears were negative (Table I). As 
shown in Table I, the presence or absence 
of residual neoplasm, clinically, had no 





Exfoliative Cytology in Radiotherapy of Oral Cancer 
Its Use in the Diagnosis of Residual Carcinoma! 


W. UMIKER, M.D., R. RAPP, M.D., I. LAMPE, M.D., and H. B. LATOURETTE, M.D.? 


TABLE I: ORAL SMEARS AT COMPLETION OF 
TREATMENT 








Clinical Evaluation 








Cytology Residual No Residual Total 
Neoplasm Neoplasm 
Positive 8 8 16 
Suspicious 2 3 5 
Negative 2° 2 4 
TOTAL 12 13 25 





* Subsequent smears were positive within a few 
weeks following treatment, 


effect on the cytologic findings in smears 
taken immediately following treatment. 
Negative and positive results occurred with 
equal frequency in each group. 

Cytologic examination two to ten weeks 
later showed no correlation with observa- 
tions on completion of treatment, and more 
accurately reflected the clinical status 
(Table II). The 2 patients whose smears 


TABLE II: ORAL SMEARS TAKEN SEVERAL WEEKS 
AFTER TREATMENT 








Clinical Evaluation 








Cytology Residual No Residual Total 
Neoplasm Neoplasm 
Positive 7 0 7 
Suspicious 1 1 2 
Negative 0 5 5 
TOTAL 8 6 14 





had been negative at the end of treatment, 
despite obvious residual neoplasm (Table 
I), now had smears which were positive for 
malignant cells. On the other hand, 
malignant cells disappeared from the 
smears of 5 of the 13 patients with no 
clinical evidence of residual neoplasm. 
Smears from 1 other patient were sus- 
picious for malignant cells, and the re- 
maining 7 patients either did not have the 
benefit of follow-up smears or were not 
evaluated cytologically until many months 
later. 


Por the Departments of Pathology and Radiology, Veterans Administration Hospital and The University 
of Michigan Medical School; and the Alice Lloyd Crocker Radiation Therapy Center, Ann Arbor, Mich. Accepted 


for publication in October 1959, 


At present in the Department of Radiotherapy, Iowa State University, Iowa City, Iowa. 
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Figs. 1-4. 


Fig. | Benign irradiated squamous cells in oral smear 

Fig. 2 

Fig. 3. Oral smear showing malignant squamous cells 
nucleoli. 780 


Case IIT. 


X< 780 


Histologic section from irradiated mucosa adjacent to neoplasm. X780 


Note variation in size of nuclei. and prominence 0 


Fig. 4. Histologic section showing residual well differentiated squamous-cell carcinoma. 780 


The following cases illustrate the type of 
information obtained by this form of cyto 
logic study. 

Case I: An _ infiltrating, well differentiated 
squamous-cell carcinoma in the right lower gingivo 
buceal sulcus was given external and peroral x 


irradiation. At the completion of treatment there 
remained only a small, granular irregularity, which 
was thought to represent granulation tissue. Smears 
taken at the completion of treatment and at monthly 
intervals thereafter, however, all contained malig: 
nant cells. A biopsy nine months after treatment 
disclosed unequivocal carcinoma. 


Fig 
cells in 

Fig. 
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Fig. 
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Figs. 5 Case ITI. 


Fig 9. Poorly differentiated malignant squamous 
cellsinoralsmear. 780 

Fig.6. Histologic section showing residual ana- 
Plastic squamous-cell carcinoma. 780 

Fig. 7. Degenerating malignant squamous cell in 
exudate covering ulcerated neoplasm. 780 


Comment: This case illustrates the 
occasional difficulty in the clinical recog 
ution of residual neoplasm. Clinically 


as, '% um Cee 


a 


aw ae > 
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the appearance was not that of persistent 
neoplasm, but cytologically residual carci- 
noma was present. 


Case II: A superficial squamous-cell carcinoma 
in the left glossopalatine fold received external 
x-irradiation. At the completion of treatment there 
was persistent granularity at the inferior pole of 
the anterior tonsillar pillar. An oral smear at 
that time was positive, but subsequent smears were 
persistently negative. One year later there was no 
residual neoplasm and the granular area had de- 


creased in size. 


Comment: Clinically the post-treatment 
appearance resembled that in the first case, 
but the cytological examinations indicated 
that the process was not neoplastic. 


Case III: A well differentiated squamous-cell 
carcinoma in the right glossopalatine fold received 
external and peroral x-irradiation. A small ulcer- 
ated area remained which, clinically, was thought 
to represent an area of radionecrosis. Follow-up 
smears, however, were positive (Figs. 1-7), and a 
biopsy during the eighth month after irradiation 
confirmed the presence of carcinoma. 


Case IV: An undifferentiated-cell carcinoma in 
the left tonsil was treated by external irradiation, 
with complete disappearance of the mass. Smears 
were positive for malignant cells at the completion 
of treatment but subsequently became negative 
and remained so at twelve and nineteen months. 
Cervical metastases appeared at twenty months, at 
which time the primary site contained no visible 
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Fig. 8. Case IV. Oral smear showing cluster of 
undifferentiated malignant cells from recurrent car- 
cinoma of tonsil. 780 


neoplasm, but no smears were taken. At thirty- 
two months a small nodule appeared at the junction 
of the tonsil and the base of the tongue. Despite 
the submucosal appearance of this lesion, abundant 
undifferentiated malignant cells were found in 
direct smears (Fig. 8). Biopsy disclosed carcinoma 
similar to that previously seen. 


Comment: A recurrence two and one- 
half years after treatment illustrates the 
possible value of oral smears in the detec- 
tion of recurrent carcinoma. 

DISCUSSION 

The results of this preliminary study 
suggest that oral smears are of little or no 
prognostic value when taken immediately 
after completion of irradiation of oral 
cancer. The presence of malignant cells 
in these smears does not mean irradiation 
failure, and their absence during this phase 
does not exclude the presence of residual 
neoplasm. Similar observations have been 
reported by the Grahams (5), who noted 
that women with irradiated cervical can- 
cers might have malignant cells in the vag- 
inal smears for several weeks following 
treatment and yet be cured. 
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There was no correlation between the 5 
cytologic findings at the completion af 
treatment and those observed during sy}, 
sequent weeks, when the oral smears acy. 
rately indicated the presence or absence ;j 
residual neoplasm. 

Since most of the patients without regi. 
ual disease have not been followed Io, 
enough for the development of recurrencs 
the value of oral cytology in the early «. 
tection of recurrent carcinoma remains to be 
ascertained. The success of such examin. 
tions will depend largely upon whether ¢; 
not the recurrent tumor involves th 
mucosa. It should be noted that, in Cay 
IV, the mucosa over a recurrent carcinom 
appeared to be intact, yet the oral smea: 
contained abundant malignant cells. 

In the early phases of this study ther 
was considerable difficulty in interpreting 
some of the atypical cells in the smear 
The use of rigid cytologic criteria usually 
permitted a definite diagnosis, although 
considerable experience is necessary {or 
proper interpretation of some smears, and 
the adoption of a “suspicious” category 
was necessary in certain instances. 


CONCLUSIONS 


1. Smears taken at the completion 0 
radiation therapy for oral carcinoma wet 
of little or no practical value in determinin; 
the presence of residual neoplasm. 

2. Smears taken during the first few 
weeks after treatment correlated well with 
the clinical course and biopsy findings. 

3. Oral cytology provides a simple 
painless, rapid, and reliable tool in the 
follow-up study of irradiated oral carcino- 
mas. 
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SUMMARIO IN INTERLINGUA 


Cytologia Exfoliative in le Radiotherapia de Cancere Oral 


Su Uso in le Diagnose de Carcinoma Residue 


Pro verificar le valor de frottis oral in 
le diagnose de neoplasma residue post 
irradiation pro cancere oral, frottis directe 
esseva prendite ab le sitos de 25 irradiate 
carcinomas oral al fundo del bucca o al 
palato, gingiva, lingua, tonsilla, o plica 
slossopalatin, durante le curso del tracta- 
mento e al momento de su completion. 
In 14 casos, frottis esseva etiam prendite 
durante plure menses post le irradiation. 
Le frottis esseva fixate in ethere e alcohol, 
tincturate secundo le _ technica de 
Papanicolaou, e scrutinate pro le presentia 
de cellulas maligne. 





Esseva trovate que le frottis prendite al 
tempore del completion del radiotherapia 
pro carcinoma oral esseva de pauc o nulle 
valor practic in determinar le presentia de 
neoplasma residue, durante que le frottis 
prendite durante le prime septimanas post 
le tractamento esseva ben correlationate 
con le curso clinic e le constatationes 
bioptic. 

Es concludite que cytologia oral provide 
un simple, indolor, rapide, e fidel medio 
de controlo ulterior in le studio de irradiate 
carcinomas oral. 

Quatro casos es reportate. 

































Bee PAPER will describe some calo- 
rimetric measurements of the energy 
absorbed in several tissue-equivalent ma- 
terials exposed to x-radiation of 200 and 
230 kv. These measurements are of inter- 
est for a number of reasons, since, despite 
the increasing use of supervoltage equip- 
ment, the majority of treatments are still 
given in the so-called high-voltage region of 
200 to 250 kv; and for x-rays of this energy 


THERMAL INSULA 
(SANTOCEL) 


PERSPEX TANK 
WATER BATH 


BRASS TANK 


Dieses 


Fig. 1. 


or lower there is a very considerable differ- 
ence in the energy absorption in substances 
of different atomic composition, such as 
soft tissue and bone. 

The calorimeter used for these measure- 
ments was originally designed to measure 
the total energy in beams of x and y-rays. 
Its general layout is shown in Figure 1. 
A series of thin windows, totaling about 
10 mg./sq. cm., allowed the x-ray beam to 
reach the absorbers with negligible attenua- 
tion. ‘The absorbers were thin disks, 1 to 
4 mm. thick and 5 to 8 cm. in diameter; 
they were suspended on a Melinex film, as 
shown. The temperature rise in an ab- 
sorber was detected by means of a thermis- 
tor embedded in it or attached to the out- 
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PAUL N. GOODWIN, Ph.D.? 


1 From the Physics Department, Institute of Cancer Research, Royal Cancer Hospital, London, England. 


side. The thermistor was connected aS One 
arm of a Wheatstone bridge, and the bridg 
unbalance was detected by a galvanon. 





eter and twin-tube photocell amplifier, 
A description of the calorimeter and ;j 
the method of making measurements hy; 
previously been published (2). 
The x-ray unit used for these studis 
was a Westinghouse 250-kv constant. 
potential generator. Measurements wer 






ABSORBER 


THIN WINDOWS 
(ME LINEX) 


FINAL COLLIMATOR 


MELINEX CONE 


—50 cm ~ 


Horizontal cross section of the calorimeter. 


made with four different qualities 0 
X-rays, covering the range of half-value 
layers normally used in high-voltage ther 
apy. Table I gives the factors used and 
the measured half-value layers. 


TABLE I: FacToRS FOR THE Four X-Ray Beals 
Usep FOR THESE MEASUREMENTS 

Ky Filter h.v.1 r, Min 
(mm. ) (mm. Cu) | (50cm 

200 0.5 Cu + 1 Al 1.1 62 — 

230 iCcu + 1 Al 1.9 62.5 

230 2Cu +1 Al 2.5 41 

230 1Sn + 0.5 Cu a 
+ 1 Al 3.3 27.3 


Two absorbers roughly equivalent 
soft tissue were made, one from Persp 
and the other from polystyrene. The 


Ac- 
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effective atomic number of Perspex lies 
between that of muscle and that of sub- 
cutaneous fat, while that of polystyrene is 
about the same as of muscle. The atomic 
number and the electrons per gram of 
aluminum are close to those given for bone 
by Spiers (4); thus aluminum absorbers 
were used to simulate bone. 
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Fig.2. Construction of the absorbers used to simulate 


soft tissue and bone. 


The Perspex absorber was made from 
three 1-mm. pieces of Perspex cemented 
together. Embedded in the central piece 
was a Stantel type M thermistor, removed 
from its copper disk. A heating coil of a 
lew loops of No. 45 copper wire was placed 
between the first and second pieces. This 
wil did not warm the Perspex uniformly 
and it was not used for calibration 
purposes, but merely to give an indication 
ol the consistency of the readings, as it 
had previously been found that the ap- 
parent calorimeter sensitivity could change 
tnder different conditions of internal tem- 
peratures. 

The second type of absorber was a disk 
oan electrically conducting plastic, made 
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RADS/ROENTGEN 


ENERGY ABSORPTION, 





1.0 1.5 2.0 2.5 3.0 3.5 
HVL, mm. Cu 


Measured energy absorption in the three types 
of absorbers. 


Fig. 3. 


by mixing two parts of polystyrene mould- 
ing powder and one part of powdered 
graphite and shaping under heat and 
pressure. Several disks were made, each 
about 3 mm. thick and 5 cm. in diameter, 
the faces being coated with colloidal 
graphite to make them conducting. The 
disks then had a resistance of several 
hundred ohms between faces; a current 


-of the order of one milliampere warmed 


the disk about the same amount as did an 
x-ray beam. 

The construction of these absorbers 
and also of the aluminum absorbers is 
shown in Figure 2. 

Four aluminum absorbers were 
structed, each about 9 cm. in diameter, 
with total thicknesses of about 1, 1.5, 2, 
and 3 mm. In each case two pieces of 
aluminum were fastened together with a 
heating coil between them, and a type M 
thermistor was attached to the outside 
near the edge of the disk, so as to be out- 
side the area being irradiated. Four thick 
nesses were used in an attempt to de- 
termine any effects due to attenuation 
or back-seatter, but the different thick 
nesses gave identical values for absorption 
per gram. 


con 
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Fig. 4. Bone to soft-tissue absorption ratios. The 


upper curve was obtained from the measured values 
shown in Fig. 3; the lower curve from the data given in 
Handbook 62? (3), Fig. 8. The circles are the corres- 
ponding ratios calculated from the spectral measure- 
ments of Cormack et al. (1 


Kkach of the three diflerent types of ab 
sorber was irradiated with x-ray beams of 
four different qualities. The results are 
shown in Figure 3. Here the three curves 
show the energy absorption per gram per 
roentgen, where the roentgens represent 
the beam intensity as measured in air. 
Since for the Perspex absorber the ab- 
solute values could not be determined, the 
results were normalized to the calculated 
value for the 3.2-h.v.l. beam. For such a 
heavily filtered beam, the absorption in 
light elements is almost entirely Compton, 
and thus it depends only on the number of 
electrons per gram, which may be calcu- 
lated quite accurately. The other points 
on the curve then represent the measured 
from beams of 
Phe slight 
h.v.l. is to 


Variation im 
half-value 
increase between 2 and 3 mm 


absorption 
dec reasihny layers. 
be expected if absorption were essentially 
ill Compton, since the true part of the 
Compton absorption coefficient is rising 
slightly in this region 

Che significance of these results is best 
shown by plotting the ratio of the absorp 


tion in bone to absorption in soft tissue 


PAUL N. 





GOopDWIN J 
uly 19, 





for each of the beams used. This ratio js 
shown as the top curve in Figure 4, 

The variation in this ratio can also fy 
calculated, using the data in the Nation, 
Bureau of Standards Handbook 62 (3 
Here the calculated absorbed doses per 
roentgen in muscle and in bone are given 
for various primary x-ray spectra. The 
calculated ratios are shown as the lowe 
curve in Figure 4. 

The measured change in the absorption 
ratios is thus seen to be somewhat greater 
than that calculated. The chief cause ¢j 
this discrepancy is probably the uncertainty 
in the x-ray spectra used to obtain the cal. 
culated ratios. Some of the data iy 
Handbook 62 are based on spectra measured 
by Cormack et al. in 1955 (3), but thes 
authors have recently published a revision 
of their measurements (1). The ratios 
calculated from Cormack’s revised spectr: 
are shown as the two circles in Figure 4 au! 
are seen to be in good agreement with our 
measured ratios. Spectra used for beam: 
having half-value layers of less than 2 mm 
copper were calculated by Kramer 
method, and in this region photoelectr 
absorption becomes increasingly impor 
tant, so that small errors in the spectrum 
could lead to large errors in the calculated 
absorption values. Thus it seems reason- 
able that measured ratios could diffe 
appreciably from calculated ones. 

It should be pointed out that thes 
ratios, both measured and calculated, rele 
only to the primary x-rays. The ratio 
at a depth in tissue will generally be some- 
what larger because of the presence 0 
scattered radiation; how much larger wil 
of course depend on the field size. We 
have made some attempts to measult 
these ratios 2 cm. deep in Mix D, a tissue 
equivalent wax, but we were able to do ths 
for only small fields, where we found the 
ratios no larger than the primary ome 
But the spectra measured by Cormack at 
various depths in water show larger ratids 
for large fields. 

These measurements of energy absorp 
tion provide the values for rads pe 
roentgen in the 250-kv region, and they als 
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serve to emphasize the desirability of using 
heavily filtered beams at this energy, 
particularly if the treatment field includes 
any bone near the surface. For example, 
if an x-ray beam had a h.v.1. of 1.5 mm. 
Cu, then the dose to bone, that is, the 
energy absorption per gram, would be at 
least twice the dose to soft tissue, whereas 
f the same beam were used with enough 
filtration to give a h. v. 1. of 3 mm. Cu, 
then the dose to bone would be only about 
12 times that to soft tissue. Thus it is 
clear from these curves that more uniform 
dose distributions and much less danger of 
overdose to bone will result from using 
enough filtration to give half-value layers 
of about 3 mm. Cu, rather than only 1 or 
2 mm. 
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SUMMARIO IN INTERLINGUA 


Mesurationes Calorimetric del Proportion de Absorption Inter Osso e Tissu 


Esseva effectuate mesurationes calori- 
metric del energias absorbite in plure 
tissu-equivalente materiales exponite a un 
radiation X de 200 e 230 kv. Duo ab- 
sorptores grossiermente equivalente a tissu 
molle esseva usate, le un de Perspex e le 
altere de polystyrena. Absorptores de 
iluminio esseva usate pro simular osso. 
Le absorptores de iste varie typos esseva 
irradiate con fasces de radios X de quatro 
lifferente qualitates. 

Tal mesurationes del absorption de 
energia provide le valores del rads per 


roentgen in le region de 250 kv. Iilos 
etiam servi a sublinear le desirabilitate 
del uso de fortemente filtrate fasces a ille 
nivello de energia, particularmente si le 
campo de tractamento include osso proxime 
al superficie. Il es clar ab le resultatos 
que plus uniforme distributiones de dosage 


‘e un grandemente reducite risco de ex- 


cessos de dosage al osso resulta ab le uso 
de un filtration sufficiente a producer 
un spissitate de medie valor de circa 3 
mm de cupro, plus tosto que solmente 1 o 
2 mm. 





Episternal Bones 


A Case Report! 
WEBSTER H. BROWN, M. D. 


PISTERNAL BONES, also known as supra- 
E sternal bones or ossa suprasternalia, 
are found on or just above the posterior 
margin of the manubrium. They are 
anomalous structures which may be single 
or paired, small or large, fused or free; they 
vary considerably in shape and may ar- 
ticulate with the manubrium or with one 
another. Caffey has included a case in his 
text on Pediatric X-Ray Diagnosis, with 
illustrations (1). The only other case 
which could be found in the English litera- 
ture, with an illustrative roentgenogram, 
was that of Morris (4). 

These ossicles are probably of little 
clinical significance unless involved by 
infection, trauma, or arthritic change, or 
unless a single and somewhat atypical 
episternal bone is mistaken for a possibly 
significant lesion. 

In 1937, Cobb (2) reviewed comprehen- 
sively the anatomical literature on this sub- 
ject and cited 91 references. The paper 
describes so well the various aspects of the 
anomalous ossicles that it is probably the 
authoritative source. The variation and 
incidence of suprasternal bones and the 
form of the superior manubrial border were 
investigated on 2,188 human and 107 
anthropoid sterna in the Hamann Museum 
of Western Reserve University, a larger 
and better documented collection of ma- 
terial than had hitherto been available. 
‘The following notations are extracted from 
the summary of Cobb’s paper. 


“Roentgenograms of 1,010 of the human sterna 
taken and with the clavicular 
ligaments still attached made possible the detection 
of minute ossicles otherwise lost. Comparison of 
manubria with their roentgenograms demonstrated 
that the dry manubrium may show no evidence of 
a suprasternal bone which was present. The in 
cidence of separate ossicles was relatively higher in 


before maceration 


our roentgenographed series than in that composed 
of dry bones alone. Estimates of incidence based 


' Accepted for publication in July 1959 


Fig. 1. Sternum and episternal bones: author's cas 


on macerated material are, therefore, unreliabl 

“Suprasternal bones range in size between thi 
of a small shot and an average female lunate bon: 
An average is: length 10.4 mm., breadth 10.4 mm 
height 7.3 mm 

‘Variation: Suprasternal bones occur in pas 
and singly. They may separate, forming a di 
throdial joint with the manubrium complete wt 
articular cartilage and synovial membrane; the 
may be united to the manubrium by synchondross 
or as small nodules they may be ensconced witht 
the suprasternal ligaments and have no conta 
with the manubrium. The ossicles exhibit var 
degrees of fusion with the manubrium and wt 
each other, almost complete incorporation m Ut 
former being sometimes detectable. When fusi: 
occurs can only be surmised but is probably eat 
Paired suprasternal bones may be of subequal st 
and symmetrical form and position on the mant 
brium or of unequal size and asymmetrical a 
rangement. One element may be separate and t 
other fused. 

“Incidence: 
rate or fused suprasternal bones in 6.8 pe 
of 544 adult whites and 2.2 per cent. of 466 adu! 
The incidence was highest in 79 white 


The roentgenograms showed sep 
r cen 


Negroes. 
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per cent.; lowest in 132 Negro females, 
0.0 per cent. (One case of ossicles ina female 
Negro was found in the second series. ) For the 
males, the percentages were: 465 whites, 6.8; 344 
Negroes, 3.0. Thus the ossicles appear three 
times more frequently in whites than in Negroes. 
They are more than twice as frequent in white males 


females, 7.6 


| sin Negro males, and nearly eight times more fre- 
} quent in white females than in Negro females. 


“Frequency of Types of Ossicles: About two-thirds 


of the suprasternal ossicles which occur are separate 


and one-third fused. Paired ossicles are slightly 
more frequent than single in the separate group, 


but paired and single are of approximately equal 


frequency among fused ossicles. The separate os- 


S sicles occur about 30 per cent more often in whites 


than in Negroes. 

“Associated Anomaly: The suprasternal elements 
in this series revealed no particular association with 
any anomaly or defect in the sternum, and were in 
no case associated with a cervical rib.”’ 


Figure 1 illustrates a case seen by the 


| author in which such ossicles presented in 


usually striking fashion. The episternal 
bones are best seen in the oblique projec- 
tion, which portrays them with a minimum 
of overlying and obscuring densities. Sev- 
eral foreign authors (3-6) have devised 
specialized technics for optimum visualiza- 
tion. The advent of the laminagraph 
renders such methods unnecessary. 


EPISTERNAL BONES 


SUMMARY 


1. A brief discussion of episternal bones 
is presented. 

2. A roentgenogram is reproduced from 
a case with moderately large, well ossified 
bilateral symmetrical episternal bones, with 
no related symptoms. 


11 East Biddle St. 
Baltimore 2, Md. 
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SUMMARIO IN INTERLINGUA 


Ossos Episternal: 


Ossos episternal, etiam cognoscite como 
980s suprasternal, es structuras anormal 
trovate sur 0 justo supra le margine poste- 
for del manubrio. Illos occurre sol o in 


pares, micre o grande, fusionate o libere. 
los varia in conformation e pote esser in 
articulation con le manubrio o le unes con 


Reporto de Un Caso 


le alteres. Il es probabile que illos es de 
pauc signification clinic. 

Es illustrate un caso vidite per le autor 
in que le ossiculos se presentava de ma- 
niera inusualmente frappante. 
anormal es le melio demonstrate in expo- 
sitiones oblique. 


Iste ossos 








Pulmonary “Coin” Lesion of Unusual Pathology’ 


R. PAUL, M.D., F.R.F.P.S. 


HE DIAGNOSTIC problem of single dis- 
eee lesions of the lung is well recog- 
nized (1, 3,5, 7). The subject has recently 
been comprehensively dealt with in Bron- 
chopulmonary Diseases edited by Naclerio 
(8). There is general agreement as to the 
difficulty of determining the pathology 
of these lesions when revealed by x-ray. 
Their management, too, presents a prob- 


Fig. 1 (left) 
Fig. 2 (right). 


lem because of the high rate of malig- 
nancy. ‘The purpose of this short paper 
is to record a case of a “‘coin”’ lesion of the 
lung with an unusual pathological basis. 
As far as could be ascertained, no similar 
case has been recorded in the literature. 
At the Pneumoconiosis Medical and 
Research Bureau of Northern Rhodesia 
approximately 40,000 European and Afri 
can mining recruits and miners are ex 


! From the Pneumoconiosis Medical and Research Bureau, Kitwe, Northern Rhodesia 


tion in September 1959 


11S 


amined clinically and radiologically ei 
year. Discrete single lesions of the lung 
are periodically observed. Hitherto ,j 
have fallen into one or other of the cat. 
gories usually encountered. The case dg. 
scribed below, however, is unique. Th; 
single ‘‘coin’’ lesion in this instance wa 
due to a pulmonary infarct caused by a 
intra-arterial schistosome. Although tt: 





Postero-anterior view showing ‘‘coin”’ lesion in right upper zone 
g 


Lordotic view of lesion. 


fection with S. haematobium is common it 
the Central African Bantu, cellular ad 
fibrogenic reaction is minimal and radio 
logical changes are rarely observed (6 
The pulmonary pathological findings de 
scribed by others (2) are unusual. Schis 


tosomal infection in Europeans is mucl 
less common and, in view of this and be 
cause of the unusual nature of the schiste 


somal lesion, the case is reported here. 
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Fig. 3. Schistosome lying intra-arterially, surrounded by infarct. Hematoxylin and eosin. 120 
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g. 4. Edge of infarct showing thin layer of granulation tissue separating tumor from normal 
lung tissue. Hematoxylin and eosin. X50 
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CASE REPORT 


A European miner aged 35 had been clinically 
and radiologically examined a year previously for 
employment in a dusty occupation in one of the 
scheduled copper mines. He was found to be 
clinically fit, with a normal chest film, and was is- 
sued an initial certificate for work in an occupation 
with a pneumoconiosis hazard. At his annual 
periodical examination a year later he was found to 
have a discrete ‘‘coin”’ lesion in the upper lobe of the 
right lung (Fig. 1). The lordotic view (Fig. 2) 
shows the lesion more clearly. No symptoms were 
present and, apart from slight loss of weight, there 
were no abnormal physical findings. Laboratory 
investigations were also negative. A presumptive 
diagnosis of bronchogenic carcinoma was made, and 
the patient was referred to a thoracic surgeon. Fur- 
ther investigation proved negative, but a malignant 
lesion was still suspected, and a right upper lobec- 
tomy was performed, with an uneventful re- 
covery. On section, the tumor showed no evidence 
of malignancy. It was found to be composed of a 
mass of infarcted pulmonary tissue, approximately 
14 mm. in diameter, in the center of which throm- 
bosis of the vessels could be seen with a schistosome 
lying intra-arterially (Fig. 3). Figure 4 is a view of 
the edge of the tumor showing a thin layer of granu- 
lation tissue surrounding the infarct. 


SUMMARY 


A “coin” lesion of the lung is recorded 
with an unusual pathological basis. It 
consisted of infarcted pulmonary tissue, 


R. PAUL 


July | 


with thrombosed vessels and an intra. 
arterial schistosome. 
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SUMMARIO IN INTERLINGUA 


Lesion Pulmonar ‘‘Monetiforme’’ de Pathologia Inusual 


Un lesion ‘‘monetiforme’’ esseva demon- 
strate in le pulmon de un minero Euro- 
pee in Sud-Africa. Le patiente esseva 
asymptomatic, sed ille esseva operate a 
causa del possibilitate que le umbra repre 


sentava un lesion maligne. Le 
revelava un 


infarcite tissu pulmonar. A su centr 


thrombose del vasos esseva visibile, co 


un schistosoma in location intra-arterial. 
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The Use of Varidase During Radiation 
Therapy of Head and Neck Tumors! 


FRANK GEARING, M.D., PAXTON POWERS, M_D., 
and GEORGE COOPER, JR., M.D. 


The treatment of head and neck tumors by radia- 
tion is often complicated by a severe local inflamma- 
tory reaction. Swelling, induration, skin erythema, 
desquamation of oral mucosa, and purulent oral 
secretions are frequently seen. Lymphatic and 
venous stasis are prominent features. We have 
found Varidase2—streptokinase-streptodornase—of 
yse in modifying the inflammatory changes. 

Streptckinase activates the fibrinolytic system, 
bringing about the rapid dissolution of clots and 
fibrinous portions of exudates, while streptodornase 
liquefies the viscous nucleoproteins of dead cells or 
pus (1, 2, 3). These proteases have been adminis- 
teed in several clinical conditions, including 
thrombophlebitis, hematomas and _ ecchymoses, 
edema associated with facial and dental surgery, 
urticaria, contact dermatitis, acute joint inflam- 
mation, etc. (4). Because of the beneficial results 
obtained, Varidase was tried during the irradiation 
of head and neck tumors complicated by inflamma- 
tion. 

In selecting cases for treatment with Varidase, 
only those with a full-blown clinical picture, con- 
sisting of skin erythema, mucositis, lymphatic stasis, 
and soft-tissue swelling were considered. This af- 


forded a better opportunity to evaluate effects. In- 
flammation appeared after a wide tumor dose range 
600 to 5,500 r), depending upon whether or not 
previous radiation therapy had been given and/or . 
the extent of surgicalp rocedures compromising cir- 
culation. 

Varidase, buccal, one tablet four times daily, was 


administered for from four to ten days. The only 
drug idiosyncrasy observed was increased soreness 
in the mouth of one patient. Varidase was used in 
conjunction with general hygienic measures and 
specific therapeutic agents. Antibiotics were given 
when indicated. 

Effects were graded as 0 to 4+, depending upon 
subsidence of inflammation and improvement in 
circulation. Maximum benefit usually occurred 
within seventy-two hours. 

In 14 patients treated to date the effect has been 
graded as 1+ in 1 patient, 2+ in 3 patients, 3+ in 
5 patients, and 4+ in 5 patients. In the patient 
with a 1+ response an acute psychosis interrupted 
both the protease and radiation schedules. 

In 3 patients oral moniliasis developed during 
treatment by Varidase and broad-spectrum anti- 
biotics. That the Varidase was responsible seems 
doubtful. 
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NATIONAL COMMITTEE ON RADIATION PROTECTION AND 
MEASUREMENTS (NCRP) 








1. At its meeting in November 1959, the Execu- 
tive Committee of the NCRP agreed that a state- 
ment should be made with regard to the maximum 
permissible dose from television receivers. Such a 
statement has been prepared and voted upon by the 
full committee. 

The following position has been adopted by the 
NCRP: 


During the past years members of the NCRP 
have investigated the emission of x-rays from tele- 
vision receivers. From a genetic point of view 
even sources of minute radiation are of significance 
if they affect a large number of people. X-rays 
emitted by home television sets are, therefore, of 
interest because of the high percentage of the 
population involved. In order to insure that the 
television contribution to the population gonad dose 
will be only a small fraction of that due to natural 
background radiation, the NCRP recommends that 
the exposure dose rate at any readily accessible 
point 5 cm. from the surface of any home television 
receiver shall not exceed 0.5 mr per hour under 
normal operating conditions. 

Laboratory and field measurements! have shown 
that with this maximum permissible exposure level 
the television contribution to the gonad dose at the 
usual viewing distances will be considerably less 
than 5 per cent of that due to the average natural 
background radiation. Most of the present tele- 


vision receivers already meet this requirement with a 


5 


———— 


high factor of safety. In general, therefore, 
changes in shielding of existing sets will be required 
However, the recommended limit will insure tha 
future television receivers, operating at higher yo}. 
ages, will not contribute significantly to the popu. 
tion gonad dose. 


2. In its statements of Jan. 8, 1957, and April 13 
1958, the NCRP specified a permissible dose of {j 
(N-18 rems) to the skin of the whole body for radia. 
tion workers. It has subsequently been realize 
that the use of the age-proration formula for the 
skin of the whole body is not practical under som 
conditions. Therefore, the Committee will dj. 
continue this statement and in its place make the 
following recommendation: 


Skin of the whole body: The maximum permissitl 
dose to the skin of the whole body shall not exceed 
30 rems per year and the dose in any thirteen con- 
secutive weeks shall not exceed 10 rems. 


This statement is essentially the same as in the 
1959 ICRP report except that the ICRP specified: 
13-week limitation of 8 rems. It is felt that thisis 
unnecessarily low if the annual limit is 30 rems. 


2 


3. The above changes will be incorporated in the 
appropriate reports of the NCRP as the case arises 


! Braestrup, C. B., and Mooney, R. T.: X-ray Emis. 
sion from Television Sets. Science 130: 1071-1074 
Oct. 23, 1959 
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Radiation and Borrowed Tissues 


The first four papers in this issue of 
RapIOLoGY, originally presented as a Sym- 
posium on Bone Marrow Transplants and 
General Immunological Problems, at the 
Forty-fifth Annual Meeting of the Radio- 
logical Society of North America, in No- 
vember 1959, discuss exciting new lines of 
thought in radiology. They deal with 
the transplantation of bone marrow and 
other tissues into individuals who have 
received lethal or near-lethal doses of 
radiation. The potential for the saving 
of human lives from radiation  acci- 
dents is enough to stimulate us. Beyond 
this, however, are the implications of 
therapeutic application associated with 
radiation given purposefully to near-lethal 
dosages. This might be expressed as the 
concept of intentional approach to the 
brink of radiation disaster followed by 
heroic rescue through another’s tissues. 
Spectacular medical advances may be 
achieved by this means. It is possible that 
acure for leukemia may be offered by such 
high-dosage whole-body irradiation, with 
cell repopulation from a donor’s healthy 
marrow. The treatment of testicular tu- 
mors and other malignant neoplasms might 
be notably improved. A means may be 
dfiered for safe transplantation of whole 
organs from one human being to another. 

These hopes are not likely to be achieved 
easily. The combined efforts of the radio- 
biologist, geneticist, and immunologist 
have already paved the way. The reports 
given here are encouraging, but they also 
bear witness to the many problems that 
are yet to be surmounted. We do not 
know how high the levels of radiation 
dosage can be pushed, nor what is required 
or the suppression of such human disease 
as leukemia. Much remains to be ex- 
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9 
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plored in the immunological phenomena of 
acceptance or rejection between host and 
transplant. The late unfavorable sequelae 
are still an unsolved problem. But these 
difficulties should not cloud the remarkable 
achievements already attained. To have 
successfully effected the removal of a 
kidney into a new host and to have ob- 
served it functioning there—a living chi- 
maera—gives high promise for a new era in 
medicine. 

What should be the radiologist’s role in 
these new developments? Clearly, this 
is not a suitable activity for the casual 
amateur, but rather for highly integrated 
units of specialists. We can all be inter- 
ested in the challenge of this research en- 
deavor and inform ourselves concerning 
its progress. In the near future, however, 
few of us are likely to be directly involved 
in this endeavor, and this is as it should be. 
A comprehensive mastery of special radio- 


. biological background by the radiologist 


is required. This must be closely allied 
to a cooperative effort by radiobiologists, 
radiological physicists, and other pertinent 
medical and biological specialists. All of 
these must be fully informed of the current 
state of similar work elsewhere. There is 
no excuse for the same mistakes occurring 
in several laboratories, for human lives 
are too much at stake here. Suitable 
radiation apparatus must be available, and 
it must be under precise dosimetric con- 
trol. Even with such an elaborate and 
pertinent team, ready for operation in 
favorable surroundings, attitudes of careful 
objectivity in the selection of patients 
must be cultivated. Much also remains to 
be explored at the laboratory level with 
animals, for there is to be found the basic 
development of the concepts as well as 








124 





new or alternative routes for investigation. 

The radiologist who administers whole- 
body irradiation in amounts likely to be 
surely lethal unless the patient is rescued 
by bone-marrow transplantation may have 
some qualms of conscience. This posi- 
tion is one in which the risks may seem 
dramatic, but emphasis on that element is 
inappropriate. Medical choices regarding 
overtreatment or undertreatment in other 
situations quite usually include the balance 
of the patient’s health and life. The basic 
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moral decision is not essentially differey: 
. . ¢ 4, 
in either case. 








The radiologist is in an unusual, 
favorable position to watch the cours ; 
this scientific adventure. He may fy, 
the good fortune to take direct part in 
some portion of its development. At ay 
rate, he should find it a stimulating sour 
of new interests, worth an optimistic x. 
titude and expanding his contacts jnt) 
new and exciting directions. 

RICHARD H. CHAMBERLAIN, MD. 


Radiotherapy in Great Britain 


A report has just been published by our 
colleagues overseas reviewing the present 
status of radiotherapy after ten years of 
the National Health Service.' Although 
many of the problems inherent in their 
socialized medical scheme differ from ours, 
several of the conclusions of this report 
have poignancy for us as well. 

The radiotherapy centers were divided 
according to size: small (less than 600 new 
cancer patients yearly), medium (600 to 
1,500), and large (more than 1,500). Not 
unexpectedly, the small centers came in 
for what would appear to be more than 
their share of comment: 

“Because of the limited staff, experience, clinical 
and research contacts, physics service, accommoda 
tion, and equipment, good quality radiotherapy is 
far more difficult to provide in the small than in the 
larger centres... . 

“Only the most difficult geographical problems. . . 
would seem to justify the persistence of some of the 
smaller centres 

“The 600 


medium-sized centre treating about 


new cancer patients per annum is probably th 
smallest economically sound unit... . 

“There are still too many little centres dealin: 
inadequately with a small proportion of the totd 
amount of the work done in a specialty where 
most expensive range of equipment and ancillar 
services, which they cannot possibly provide, i 
necessary for modern and efficient work.” 

As a practitioner in one of the smal 
centers as defined above, the writer cat 
give these comments a resounding amen 
One does not lose stature by securing for 
his patients a better deal than he can give 
by virtue of limited up-to-the-minute 
knowledge, or limited experience, or limited 
facilities. As a by-product, he avoid 
further dilution of certain already w- 
common clinical material. Central podl- 
ing should lead to quicker answers to 
pressing problems. 

CHRISTIAN V. CrmM1no, M.D. 


! Radiotherapy After Ten Years of the Nation 


Health Service 


coln’s Inn Fields, London, W.C. 2, England 
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ANNOUNCEMENTS AND BOOK REVIEWS 





— an 


FLORIDA RADIOL¢ YGICAL SOCIETY 


The Florida Radiological Society, at a recent 
meeting, elected John Stewart, M.D., Fort Myers, 
President; John P. Ferrell, M.D., St. Petersburg, 
President Elect; Ivan Isaacs, M.D., Jacksonville, 
Vice President; Richard D. Shapiro, M.D., Miami 
Beach, Treasurer; Alfred G. Levin, M.D., 837 
DuPont Building, Miami, Secretary. J. Maxey 
Dell, Jr., M.D., is Councilor to the American Col 





lece of Radiology 


NASSAU RADIOLOGICAL SOCIETY 


Newly elected officers of the Nassau Radiological 
Society (Nassau County, New York) are: Presi 
lent, Nathaniel Robin, M.D., Garden City; Vice 
President, Seymour Wasserman, M.D., Bay Shore; 
| Baum, M.D., 100 Newbridge 
Treasurer, Robert Tugenhaft, 


Secretary, Alan E. 
Road, Hicksville; 
\LD., Hempstead. 


PACIFIC NORTHWEST RADIOLOGICAL 
SOCIETY 
At the recent annual meeting of the Pacific 
Northwest Radiological Society, held in Vancouver, 
B.C., the following officers were elected: President, 


Wiliam Y. Burton, M.D., Portland, Ore.; Presi 
dent-Elect, Homer V. Hartzell, M.D., Seattle, 
Wash.; First Vice-President, A. Thomas Wiens, 


M.D., Vancouver, B.C.; Second Vice-President, 
John W. Loomis, M.D., Portland, Ore.; Secretary- 
Treasurer, John W. Burkev, M.D., 509 Olive Wavy, 
Seattle 1, Wash.; Member of Executive Com- 
mittee, John D. Stevenson, M.D., Vancouver, B.C. 

The next annual meeting will be held in Portland, 
Ore., in May 1961 


PHILADELPHIA ROENTGEN 
RAY SOCIETY 


The Philadelphia Roentgen Ray Society recently 
elected to office: Randal A. Boyer, M.D., Presi 





$7 Lin 





lent; George Wohl, M.D., Vice-President; Robert 

B Funch, M.D., Germantown Dispensary and 

Hospital, Philadelphia 44, Secretary’ Luther Brady, 

a Treasurer; Jack Edeiken, M.D., Counselor 
Large 


COURSE IN SPECIAL RADIATION 
PROCEDURES IN CANCER 
QUEENS HOSPITAL CENTER, N.Y. 


A one-week intensive course in the use of spe 
tialized radiation technics in the treatment of 
malignant disease will be given at the Queens 
_. Jamaica, N. Y., beginning Monday, 
Uet. 17, 1960 








Clinical, operative, and laboratory sessions will 
be held and will include rotational and arc cobalt 
teletherapy; interstitial therapy with various radio- 
isotopes; recent technics in the field of isotopes; 
beta-ray applicators; operative radium technics; 
modern technics in radium mold fabrication. 

The faculty will consist of members of the Ra- 
diation Medicine Department, as well as invited 
guest lecturers. 

Further information may be obtained from 
Dr. Philip J. Kahan, Supervising Medical Superin- 
tendent, Queens Hospital Center, 82-68 164th St., 
Jamaica 32, N. Y. 


AWARD TO DR. W. W. WASSON 


W. Walter Wasson, M.D., Denver radiologist and 
former President of the Radiological Society of 
North America, received the Norlin Award, highest 
decoration given by the Associated Alumni of the 
University of Colorado, at the June 2, 1960, Univer- 
sity commencement exercises in Boulder. This 
award, named for the late President George Norlin 
of the University of Colorado, is given annually to 
a person (or persons) who attended the University 
and later attained great distinction in his field. 

The citation reads in part as follows: ‘“‘Distin- 
guished physician and eminent pioneer in the field 
of radiology ... Dr. Wasson has brought great honor 
to his profession, his State, and his University...’ 

Dr. Wasson received the Gold Medal of the Radio- 
logical Society of North America in 1926 and the 
Gold Medal of the American College of Radiology 
in 1958. 


UNITED NATIONS 
SCIENTIFIC COMMITTEE ON EFFECTS 
OF ATOMIC RADIATION 


The United Nations Scientific Committee on the 
Effects of Atomic Radiation has previously invited 
Member States to send it data on a wide variety of 
physical and biological topics. Among these were 
the following: 

1. Physical data relevant to radiation levels and 
accumulated doses from both natural and man- 
made sources. 


Medical, industrial, and research uses of 
ionizing radiations and radioactive ma- 
terials. 

Radioactive fall-out 

Measured contamination of air, ground, 


foodstuffs, and man by Sr” and Cs*’, 
Computation of external doses from fall-out 
deposit, including short-lived isotopes. 
Significant disposals of radioactive wastes. 
Other significant sources of ionizing radiations. 
2. Methods of measurements and radiological 
standards, 





2s) 











3. Fundamental radiation biology. 
4. Somatic effects of ionizing radiation. 
5. Genetic effects of ionizing radiation. 

There is now brought to the notice of scientists 
certain areas where an intensification of scientific 
effort would seem to be most helpful: 

In the biological field: (i) the mutation-rate, 
natural and radiation-induced, at specific loci in 
mammals such as the mouse; (ii) the radiobiologi- 
cal effects of radioactive elements such as Sr” 
in mammals; (iii) the induction of specific new 
growths such as lymphoma by gamma rays at 
defined dose rates. 

In the physical field: (a) levels of Sr® in human 
bones classified by age groups; (b) levels of Sr® 
and Cs!*" in diet; (c) data “‘linking’’ rainfall and 
deposition of Sr®. 

Scientists who have data to submit on these topics 
as well as any other facts pertinent to evaluation of 
effects of radiation, particularly in the low-dose 
and dose-rate range, are requested to send four 
copies to Mr. Edward R. Gardner, Director, Office 
of Special Projects, U. S. Atomic Energy Commis- 


sion, Washington 25, D. C 


Books Received 


Books received are acknowledged under this 
heading, and such notice may be regarded as recog- 
nition of the courtesy of the sender. Reviews will be 
published in the interest of our readers and as space 
permits. 


MEDULLARY SPONGE KIDNEY: A ROENTGENOLOGIC, 
CLINICAL, HISTOPATHOLOGIC AND BIOPHYSICAL 
Stupy. By Tore EKSTrROM, BENGT ENGFELDT, 
CurRT LAGERGREN, AND NILS LINDVALL. From 
the Department of Urology, the Department of 
Diagnostic Roentgenology, Karolinska Sjukhuset, 
Stockholm, and the Department of Pathology II, 
University of Uppsala, Uppsala, Sweden. A 
monograph of 104 pages, 32 figures. Published 
by Almqvist & Wiksell, 26 Gamla Brogatan, 
Stockholm C, Sweden, 1959. Price Sw. kr. 18: 
(about $3.40). 


FOREIGN 
M.D., 


PuysICIAN. By JOSE 
Assistant Professor of 


ENGLISH 
MvRILO 


FOR THE 
MARTINS, 


Internal Medicine, University of Ceara, Brazil; 
Former Resident of Internal Medicine, Kansas 
University Medical Center, Kansas City, Kans. 


With a Foreword by E. Grey Dimond, M.D., 
Professor and Chairman, Department of Medicine, 
University of Kansas Medical Center, Kansas 
City, Kans. A monograph of 122 pages, with 18 
figures Published by Charles C Thomas, 
Springfield, IIL, 1960. Price $5.75 


L’ADULTE. By 
with the col 


LES PANCREATITES CHRONIQUES DE 


AND M. MERCADIER, 


H. SARLES 
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laboration of J.-Cl. SARLEs, R. MURATORE, NI 
Ci. Guten. A volume of 266 pages, with >) 
figures. Published by L’Expansion SCieNtifigy 
francaise, 15, rue St-Benoit, Paris VIe, France 
1960. Price 36 NF. 


Dig ASBESTOSE DER LUNGEN: GENESE, Ku; 
RONTGENOLOGIE. By Dr. Mep. H. Bout 








Liidenscheid/Westf., Dr. Mep. G. Tacos 
Karl-Marx-Stadt, AND Dr. Mep. H. Miu 
Freital b. Dresden. Fortschr. a. d. Geb, ; 
Réntgenstrahlen, Ergiinzungsband 85. A mop, 
graph of 166 pages, with 137 illustrations on ¢ 
figures. Published by George Thieme, Herdy: 
63, (14a) Stuttgart, Germany, 1960 Distributes 
in the United States and Canada by the Inte 
continental Medical Book Corporation, Ney 
York 16, N.Y. Price DM 66:—($15.70): toa 
scribers to the Fortschritte, DM 59.40 ($14.13 


Book Reviews 


THE TREATMENT OF BRONCHIAL NEOPLASMS, fj 
ROBERT R. SHAw, M.D., AND Donatp L. Pau: 
son, M.D. With a chapter on Bronchial Ace. 
noma by John Lester Kee, Jr., M.D. A mon 
graph of 136 pages, with numerous figure 
Published by Charles C Thomas, Springfield 
Ill., 1959. Price $8.00. 


The authors present their philosophy of the treat 
ment of bronchial neoplasms derived from ther 
experience with 1,180 cases of bronchogenic car 
cinoma. They believe that better results wil 
come not so much through improvement in surgical 
technic as through better selection of patients fm 
surgical excision to offset the high operative mor 
tality and morbidity. 

Irradiation therapy is considered from the stant. 
point of the clinician, with no attempt to preset! 
details of technic. It is felt that in most cast 
irradiation is to be considered as a palliative agen! 
The authors state, however, that the results 1 
early cases suggest that this modality may tk 
curative to a greater extent than most physicians 
realize. Chemotherapy is valuable in the reli! 
of distressing symptoms and in inducing a sense 0! 
well being in the patient rather than in lengthen 
the survival time. ; 

Valuable chapters on the terminal care of the 
patient and final results are included. A separate 
chapter deals with bronchial adenoma. ; 

This small volume is a mine of valuable inform 
tion for surgeons, radiologists, and all clinicians wh 
are concerned with the care of patients with lung 
cancer. 


ANNUAL REVIEW )F NUCLEAR SCIENCE Vous 
9. Co-editors; Emitio SEGRE, University © 
California, AND LEONARD I. SCHIFF, Stanford 
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University. Associate Editors: GERHART FRIED- 
LANDER, Brookhaven National Laboratory, AND 
WatTteR E. MEYERHOF, Stanford University. 
\ volume of 626 pages, with numerous figures 
and tables. Published by Annual Reviews, 
Inc., in co-operation with the National Research 
Council of the National Academy of Sciences, 
1959. On sale by Annual Reviews, Inc., Palo 
Alto, Calif. Price $7.00 (U.S.A.); $7.50 elsewhere. 





Most of this Ninth Annual Review of Nuclear 
science deals with nuclear physics and will be of 
little interest to clinical radiologists. An exception 
is the chapter by Roberts Rugh, entitled ‘“‘Verte- 
brate Radiobiology (Embryology).’’ In this he 
discusses radiation damage to the embryo and fetus 
jor a variety of experimental animals, correlating 
sich observations with available information on 
man. In view of the recent concern over the di- 
anostic use of radiation, particularly in pregnant 
women, this chapter is well worth reading. 


L'EPAULE EN PRATIQUE RHUMATOLOGIQUE. By S. 
pE SezE, A. RYCKEWAERT, AND M. MaAITRE. 
Travail du Centre de rhumatologie Viggo-Petersen 
del’ Hopital Lariboisiére (Paris). A monograph of 
170 pages, with 208 figures. Published by Masson 
& Cie, 120, Blvd. Saint-Germain, Paris, VI*, 
France, 1959. Price 3,800 fr. 


This monograph represents a rather thorough 
coverage of a single painful joint—the shoulder. 
Anatomic and physiologic data of interest are fol- 
lowed by a very thorough discussion of peritendinitis 
and other periarthritic conditions. 

Infectious, rheumatoid, hypertrophic, and neuro- 
pathic joint diseases are included. Gout, parasitic 
liseases, tumors, and other conditions which might 
conceivably produce shoulder symptoms are also 
covered 

This is an excellent treatise on a limited topic 
which may be reviewed profitably by radiologists 
and rheumatologists. The numerous illustrations 
are of high quality. 
fzE Human Spine IN HEALTH AND DISEASE: 
ANATOMICOPATHOLOGIC StupIES. By GEORG 
ScHMORL, M.D. CLINICORADIOLOGIC ASPECTS. 
By HERBERT JUNGHANNS, M.D. The first 
American edition, translated from the fourth 
German edition, and edited by STEFAN P. WILK, 
M D., and Lowett S. Gorn, M.D. A volume 
of 286 pages, with 419 figures. Published by 
ps & Stratton, New York, 1959. Price 
321.00. 


Fer many years the classic work on the spine by 
“tamorl and Junghanns was available only in 
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German. Now, through the English translation by 
Drs. Wilk and Goin, we at last are afforded an 
opportunity to read it in English. 

This work is based on the anatomicopathologic 
studies of Schmorl, who removed many thousands 
of spines at autopsy and subjected them to the most 
intense pathologic and radiographic examination. 
The clinicoradiologic aspects are contributed by 
Junghanns, who continued to edit succeeding 
German editions of the work following his colleague's 
death. 

The text covers almost all aspects of the develop- 
ment of the spine and the pathologic lesions which 
involve the vertebrae and disks. Deformities and 
physiologic changes are also described. The section 
devoted to the intervertebral disks is of unusual 
interest and value. The authors’ pioneer studies 
of these structures have contributed largely to 
our present knowledge of their physiology and 
pathology. 

The illustrations are superb and bring the text 
alive. Many of them are radiographs of pathologic 
specimens and show excellent detail. 

This is one of the finest texts devoted to the hu- 
man spine, and radiologists who do not read German 
easily are fortunate to have it available in transla- 
tion. It will be of interest also to workers in other 
fields of medicine. 


STRAHLENBELASTUNG UND STRAHLENSCHUTZ IN DER 
PADIATRISCHEN RONTGENDIAGNOSTIK. By PRIv.- 
Doz. Dr. KuRT HARTUNG, Mainz. A monograph 
of 128 pages, with 26 figures and 97 tables. Pub- 
lished by Georg Thieme, Herdweg 63, (14a) 
Stuttgart, Germany, 1959. Distributed in the 
United States and Canada by the Intercontinental 
Medical Book Corporation, New York 16, N. Y. 
Price DM 18.60:—($4.45). 


Although there has been much discussion about 
protection in diagnostic roentgenology, relatively 
little of it has concerned children, in whom dose 
measurements are more difficult than in the adult. 
This monograph represents a thorough study of the 
problem in the pediatric group. Clinical measure- 
ments on living patients were supplemented by 
postmortem measurements. 

There are several pictures of protection devices, 
such as gonad shields. An adjustable lead rubber 
curtain is shown on a fluoroscopic table; this may 
be moved up and down according to the size of the 
patient. A wooden table may be placed between 
the fluoroscopic table and screen to increase focal- 
skin distance. 

These and many other aspects of protection are 
well presented. The work is recommended for those 
interested in this field. 
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‘Our life is but a little holding, lent to do a mighty labour . . . .. George Meredith 


























































The bleak title above is undoubtedly shocking to 
those who had to this moment been uninformed. 
Qur loss is sufficiently serious that only straightfor 
ward description of the accomplishments of this most 
unusual person should be recorded. An attempt will 
be made, nevertheless, to include some of the lesser 
and lighter things that went on in a life which made 
Don Childs a man, a physician, and an outstanding 
radiologist. Don was well known to the majority of 
\merican radiologists and most will remember him 
as one who contributed as much as any individual to 








DONALD SMYTHE CHILDS, M.D. 
1888-1960 
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the development of Radiology. His activities wet 
diverse in both public and private life. He was gt 
garious and out-going—loving his family and enjoy 
ing people in all walks of life—young and old. He 
was more interested in others than in himself. I 
have known him intimately throughout his life wow? 
indeed have been a privilege. 

Donald S. Childs was born of Laura Smythe ant 
Henry Ward Childs in Syracuse, N.Y., January ° 
I888. He was educated in the Syracuse elemental 
and high schools and thence matriculated at >! 
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graduating from the College of Med- 


His professional activities, particularly in the field 
+ of education and in hospital service, were long, ex- 
tremely productive, and might well be termed funda- 
mental. In 1914 he became Professor of Radiology 
in Syracuse University College of Medicine, a posi- 
tion which he continued to hold until 1948, when he 
was appointed Emeritus Professor of Radiology. In 
addition, he was Instructor and subsequently Pro- 
jessor of Osteology in the same College for twenty- 
eight years. He held numerous appointments in 
various hospitals in Syracuse as radiologist. For 
vears at St. Mary’s Maternity Hospital Dr. Childs 
was not only radiologist but also physician and ob- 
setrician, caring for the patients and staff of the 
hospital. Actually he continued his radiological 
activities at St. Mary’s for forty years. In addition 
he was the radiologist for Elmcrest Children’s Center 
and the House of Providence for thirty years. 

During World War I he served in the Medical 
Corps as a Captain. Although he never tended to 


weremphasize his Army experience, he was ex- 
tremely proud of his opportunity to serve his coun- 


Dr. Childs’ society affiliations were widespread but 
he is probably best known through his activities as 
Secretary-Treasurer of the Radiological Society of 
North America from 1931 until his death. In 1931, 
also, he became business manager of RADIOLOGY, the 
Society's official organ, at a time when its fortunes 
wereatalowebb. To his wise management was due 
itscontinuous growth to the enviable position it holds 
today. He was a Trustee of the American Board of 
Radiology from 1940 until 1958 and was President of 
the Board of Trustees in 1957 and 1958. He wasa 
Fellow of the American College of Radiology and a 
member of the American Roentgen Ray Society, a 
loyal member of the American Medical Association, 
Chairman of the Section of Radiology 1956-1957, 
and had been a President of the Academy of Medi- 
cine in Syracuse. The Gold Medal of the Radiologi- 
cal Society of North America for outstanding con- 
tributions to the science of Radiology was awarded 
tohim in 1949. Blue Cross and Blue Shield plans of 
Sytacuse Occupied his interest from the time of their 
imception, and he was a member of the Board of Di- 
rectors of each until his death. Only a smattering of 
us educational, professional, and organizational in- 
timation has been indicated, but it suggests the 
‘wpe of his productive scientific life. 

Asis often the case, it is the small happenings, the 
‘vents of apparently minor importance that paint a 
‘earer and more vivid picture of the person under 
megs than do the more spectacular things. 
— enthusiasm for baseball was one such. He 

j ‘ollowed his team each year from Spring practice in 
“lorida throughout the season—in person, when pos- 
sible—and the members of the team were all his 
mends. His enthusiasm never flagged from the 
‘me they were “dem bums” until they went to Los 
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Angeles and became ‘‘the Angels’ and, last Fall, 
World Champions. 

It is less well known that he had a great interest in 
music. This may well have originated in his college 
days, when he was working his way through school 
as a reporter for musical productions, and today he 
might have been called a music critic. He attended 
all of the new musical shows opening in Syracuse and 
reviewed them for the Post-Standard. In this way 
he not only helped to put himself through college 
and medical school but he became familiar with many 
of the actors and actresses of the era. To the day 
of his death he had only to walk into any part of the 
Palmer House where Ralph Ginsburg was conducting 
his orchestra, and Musical Clocks was played for 
him. 

Throughout his life Dr. Childs’ keen understand- 
ing of legal matters was recognized. and he was often 
consulted by attorneys, insurance company execu- 
tives, and others for his advice. Many years ago he 
was asked to appear in court to testify and, because it 
was somewhat inconvenient, tried to change the 
afternoon hearing to the morning. The attorney was 
impatient and subpoenaed him. Since his ready as- 
sistance in legal matters and his unshakable integrity 
were well known, the Judge inquired as to the reason 
for the subpoena, and was informed by Don that he 
had promised to take his two young sons to the circus 
that afternoon. Looking at his watch, the Judge 
asked whether there was still time. The answer was 
in the affirmative, and the case was dismissed until 
the following morning. From that day until his 
death, April 27, 1960, Dr. Childs was never again sub- 
poenaed. 

Members of the Radiological Society were well 
aware of his ability to plan a meeting, but few knew 
the meticulous care with which he studied each place 


.of meeting to foresee and anticipate every item. 


He could survey an area, recognize its limitations 
and advantages, and apply them to the needs of the 
Society in a manner seldom aquired by a member 
of the medical profession. Any contemplated place 
of meeting was visited and, from the moment he 
arrived until he left, he carried out a strict and 
thorough inspection of kitchens, meeting rooms, 
hotel rooms, personnel, etc., to the point where he 
was able not only to spot the human defects but to 
recognize any lack of proper mechanical factors. 
Few physicians have ever attained such perspicacity. 
A friendly interest in others earned for Don the 
love and deep gratitude of those who were the 
recipients. It is doubtful that anyone will ever 
know the extent of his benefactions. As his body 
lay at rest, many an unknown person—a former 
maid at a hospital, a floor cleaner, a ditch digger 
came and paid his respects. On his twenty-fifth 
anniversary as Secretary-Treasurer of the Radiolog- 
ical Society of North America, when at the Annual 
Banquet at the Palmer House he received a silver 
tray inscribed by all of the past Presidents dur- 
ing his regime as Secretary, one of the retired 
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captains, Frank Messiah, led the ice parade. Frank 
Messiah and Don Childs were friends over many 
years, and because their birthdays occurred on 
approximately the same date, they exchanged 
telegraphic greetings throughout their active lives. 
Because of Frank Messiah’s admiration for Don, he 
came out of retirement to captain the ice parade 
that evening. 

Relatively few persons knew that Don Childs was 
an ardent fisherman and a lover of outdoor life. He 
spent his summers, or at least as much time as was 
available to him, in close contact with his family and 
friends at their summer home ‘“PAOWNYC’" on 
Fourth Lake in the Adirondacks. Here his love of 
fishing was enjoyed and his culinary attainments 
were displayed. His popular Saturday night 
suppers of hamburgers, pancakes, popovers, and 
other dishes prepared after his own favorite recipes 
were heartily received. Actually this was only a 
preparation for extension of these activities to the 
Century Club of Syracuse and to the Radiological 
Society of North America. 

Throughout his life, his family was foremost in 
his love and thought. They were held together by 
a close bond, but never did Don urge any one of 
them into a field which he felt might be only for 
self-attainment. It is well known that he constantly 


carried with him a chain bracelet composed of a 
collection of small silver disks engraved with each 
grandchild’s name and birthdate. 


Donald Childs is survived by his beloved Wik 
Amy Edwards; his two sons, Dr. Donald §, Chi; 
Jr., of Rochester, Minnesota, and Eleazer, fet;,. 


known as Lee, of Syracuse, and by nine grand 
children. 
To have known Don Childs well for a relatiy, 


small segment of his life results in an incompl: 
understanding of all the great things which he te, 
resented. There are no words to describe his q,. 
This was largely throu, 
Radiological §. 
ciety of North America, the Section of Raj 
ology of the American Medical Association, 3; 
Possibly the 
most cogent summary of his personal life is found; 
an editorial in a Syracuse paper :* “Don Childs yx 
best known to his many friends for his warm je. 
sonality, his genial good nature, and his affection ji; 
He will be sorely missed both tv. 
The Radiological & 


tribution to radiology. 


his strong activities in the 


the American Board of Radiology. 


his fine family. 
fessionally and personally.”’ 
ciety of North America and all of radiology not or! 
echo this but emphasize it many times over. 
LAURENCE L. Rossrns, M.D 


1 Pennsylvania, Ontario-Western, New York ( 
tral. Mr. O. M. Edwards, Dr. Childs’ father-in-l 


who invented the Pullman windows and the trap dor 
used on all trains, entertained the railroad officials 


his summer home and thus was born the nam 
Paownyc. 
* The Post-Standard, Syracuse, N. Y., April 29, 1% 
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JOSEPH CLARK BELL, M.D. 
1892-1960 


t. Joseph Clark Bell died quietly in his sleep in 
an afternoon of April 25, 1960, of chronic 
utral heart disease, from which he had suffered for 


4 number of years. ‘Joe’ was President of the 


adiological Society of North America in 1952. He 
had previously been President of almost ev ery group 
to Which he belonged, including the Jefferson County 


Medical Society and the Kentucky Radiological 
Society, 


Joseph Clark Bell was born on August 10, 1892, 
in Punxsutawney, Pennsylvania. He was raised 
in the Pacific Northwest, in the State of Oregon, 
and was graduated in 1917 with an A.B. degree 
from the University of Oregon. In 1923 he re- 
cieved his M.D. from Harvard University. He 
interned at the Presbyterian Hospital in New York 
City and then became one of Dr. Ross Golden’s 
first residents in Radiology at that institution. 
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Having moved to Louisville in 1925, he shortly be- 
came the radiologist for the Norton Memorial In- 
firmary and also opened a private office. At the 
time of his death this had expanded to the partner- 
ship of Bell, Douglas, Peterson, Blackburn, and 
Hale. 

Dr. Bell had a long and enviable military record, 
being a Staff Sergeant in the 91st Infantry Division 
overseas in World WarI. He was an active member 
of the Naval Reserve between the wars, reaching the 
rank of Lieutenant Commander. In World War II 
he served as Chief of Radiology at the Percy Jones 
General Hospital in Battle Creek, Michigan, with 
the rank of Lieutenant Colonel. 

Dr. Bell’s principal interest in Radiology was in 
roentgen diagnosis and he had, for a busy practi- 
tioner, numerous publications in this field. He was 
consultant to the Armed Forces Institute of Pathol- 
ogy and a Professor in the Department of Radiology 
of the University of Louisville. 

He was a man with extremely wide interests, who 
was always available for civic duties when called 


July iy 


upon. He was a member of the Board of Director 
of the Kentucky Blue Shield-Blue Cross, in whic 
he was extremely active until the last. He hag les 
a member of the Board of Chancellors of the Amer. 
can College of Radiology for some years i 
circle of friends extended beyond Louisville, throys 
out the nation and embraced people in all walk; , 
life. 

While at the Presbyterian Hospital in New Yj; 
Joe met and married Lorraine Seeley. Their fam 
consists of two sons, Nathaniel S. Bell and Jose 
C. Bell, Jr., and a daughter, Mrs. Jonathan } 
Burr, of Baltimore. There is one grandchild. 

With the passing of Dr. Bell, the younger radio), 
gists in particular have lost one of their best frien; 
for he was alert to the challenge of youth and its ne, 
ideas. His high offices gave him many opporty 
nities to advance the cause of the younger menintiy 
national societies and we are most appreciatir 
We share with his devoted family the grief of hi 
passing. 

EVERETT L. Prrkey, MD 
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RADIOLOGICAL SOCIETIES: SECRETARIES AND MEETING DATES 





_ 


Editor's Note: 


Secretaries of state and local radiological societies are requested to co-operate in keeping this 


section up-to-date by notifying the editor promptly of changes in officers and meeting dates. 


RADIOLOGICAL SOCIETY OF NorTH AMERICA. Acting 
Secretary-Treasurer, Robert P. Barden, M.D., 8835 

Philadelphia 18, Penna. 

Secretary, Charles C. 


Germantown Ave., 

AyerIcAN RADIUM SOCIETY. 
Stetson, M.D., Englewood Hospital, Englewood, 
N. J. Next Annual Meeting, Colorado Springs, 
Colo., May 11-13, 1961. 

AwertcaN ROENTGEN Ray Society. Secretary, C. 
Allen Good, M.D., Mayo Clinic, Rochester, Minn. 

AwerrcAN COLLEGE OF RapioLoGy. Exec. Secretary, 
William C. Stronach, 20 N. Wacker Dr., Chicago 6. 

AwericAN CLUB OF THERAPEUTIC RADIOLOGISTS. 
Secretary, Juan A. del Regato, M.D., 2200 North 
Cascade Ave., Colorado Springs, Colo. 

AssoCIATION OF UNIVERSITY RADIOLOGISTS. Secre- 
tary-Treasurer, Melvin M. Figley, M.D., 7010 51st 
Ave., N.E., Seattle, Wash. 

Section ON Raprotocy, A. M. A. Secretary, T. Leu- 
cutia, M.D., 10 Peterboro, Detroit 1, Mich. 

Socrety OF NUCLEAR MEDICINE. Secretary, Robert 
W. Lackey, M.D., 452 Metropolitan Bldg., Denver 
2, Colo. 

SoceTy FOR PEDIATRIC RaprioLoGy. — Secretary- 
Treasurer, Richard D. Lester, M.D., 412 Union St. 
S. E., Minneapolis 14, Minn. Next 
Sept. 26, 1960, Atlantic City, N. J. 


meeting, 


Alabama 


ALABAMA RADIOLOGICAL SocrETy. Secretary-Treasurer, 
J. Garland Wood, Jr., M.D., Medical College of 
Alabama, Birmingham 3. 


Arizona 

Ariz0NA RADIOLOGICAL SociETy. Secretary-Treasurer, 
Don E. Matthiesen, M.D., 926 E. McDowell Rd., 
Phoenix. Annual meeting with State Medical 
Association; interim meeting in December. 

Arkansas 

ARKANSAS RapioLocicaL Society. Secretary-Treas- 


urer, J. B. Scruggs, M.D., 1700 W. 13th St., 
Little Rock. Meets quarterly. 


California 


\ALIFORNIA MEpicaL ASSOCIATION, SECTION ON RaDI- 


oLocy. Secretary, William H. Graham, M.D., 

7 630 E. Santa Clara St., San Jose. 

£ast Bay ROENTGEN SOCIETY. Secretary, Dan Tucker, 
M.D., 434 30th St., Oakland 9. Meets monthly, 

: first Thursday, at Peralta Hospital. 

“0$ ANGELES RADIOLOGICAL SOCIETY. Secretary, 
Denis C. Adler, M.D., 2010 Wilshire Blvd., Los 
Angeles 57. Meets second Wednesday, Septem- 
ber, November, March, April, and June, Los 
Angeles County Medical Association Building. 


NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY. Sec- 
retary, Rob H. Kirkpatrick, M.D., 1219 28th St., 
Sacramento 16. Meets last Monday of each 
month, September through June. 

PACIFIC ROENTGEN Society. Secretary, L. Henry Gar- 
land, M.D., 450 Sutter St., San Francisco 8. 
Meets annually at time of California State Medical 
Association convention. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA. 
Secretary, Joseph F. Linsman, M.D., 436 N. 
Roxbury Dr., Beverly Hills. 

REDWOOD EMPIRE RADIOLOGICAL Society. Secretary, 
Lee E. Titus, M.D., 164 W. Napa Street, Sonoma, 
Calif. Meets second Monday every other 
month. 

SAN DrEGO RADIOLOGICAL SocrETy. Secretary, Stanley 
A. Moore, M.D., 2466 First Ave., San Diego 1. 
Meets first Wednesday of each month. 

SAN FRANcIscO RADIOLOGICAL SocretTy. Secretary- 
Treasurer, Merrell A. Sisson, M.D., 450 Sutter St., 
San Francisco 8. Meets quarterly, at Grison’s 
Steak House. 

SoutH Bay RapioLocicaL Society. Secretary, Stan- 
ford B. Rossiter, M.D., 1111 University Dr., 
Menlo Park. Meets second Wednesday every 
month. 

X-Ray Strupy CLus oF SAN Francisco. Secretary, 
John H. Heald, M.D., 450 Sutter St., San Fran- 
cisco 8. Meets third Thursday at 7:30 P™M., 
Children’s Hospital, September through June. 


* Colorado 


COLORADO RADIOLOGICAL SocrETy. Secretary, Bertram 
L. Pear, M.D., 3705 E. Colfax Ave., Denver 6. 
Meets monthly, third Friday, at Denver Athletic 
Club. 


Connecticut 


CONNECTICUT STATE MEDICAL Society, SECTION ON 
RapIioLocy. Secretary-Treasurer, Ralph J. Litt- 
win, M.D., Bristol Hospital, Bristol. Meets bi- 
monthly, second Wednesday. 


District of Columbia 


RADIOLOGICAL SECTION, District OF COLUMBIA MEDI- 
caL Society. Secretary-Treasurer, William E. 
Sheely, M.D., 1746 K St., N.W., Washington 6. 
Meets third Wednesday, January, March, May, 
and October, 8:00 p.mM., in the Medical Society 
Library. 


Florida 


FLORIDA RADIOLOGICAL Society. Secretary, Alfred G. 
Levin, M.D., 887 DuPont Bldg., Miami 





RADIOLOGICAL SOCIETIES 


FLormpA West Coast RADIOLOGICAL Society. Sec- 
retary-Treasurer, Joseph C. Rush, M.D., Mease 
Hospital, Dunedin. Meets quarterly at the 
Tampa Terrace Hotel. 

GREATER MIAMI RADIOLOGICAL Society. Secretary- 
Treasurer, Donald H. Altman, M.D., 2751 Coral 
Way, Miami. Meets monthly, third Wednesday, 
8:00 P.m., at Jackson Memorial Hospital. 

NORTH FLORIDA RADIOLOGICAL SocrETy. Secretary, 
Paul A. Mori, M.D., 800 Miami Road, Jackson- 
ville 7. Meets quarterly, March, June, September, 
and December. 


Georgia 

ATLANTA RADIOLOGICAL Society. Secretary-Treasurer, 
Wilson T. Edenfield, M.D., 1026 Scott Circle, 
Decatur. Meets second Friday, September to 
May 

GEORGIA RADIOLOGICAL SocrETy. Secretary-Treasurer, 
George W. Brown, M.D., 317 S. 8th St., Griffin, 
Ga. Meets in November and at the annual 
meeting of the State Medical Association. 

RICHMOND COUNTY RADIOLOGICAL Society. Secretary, 
Wm. F. Hamilton, Jr., M.D., University Hospital, 
Augusta. Meets first Thursday of each month. 


Hawaii 

RADIOLOGICAL SociETY OF Hawam. Secretary-Treas- 
urer, Louis L. Buzaid, M.D., The Queen’s Hospi- 
tal, Box 861, Honolulu. Meets third Monday of 
each month 


Idaho 
IDAHO STATE RADIOLOGICAL SOCIETY. 


Claude W 
Hospital, Boise 


Secretary-Treas- 
Barrick, M.D., St 


urer, Alphonsus 


Illinois 

CHICAGO ROENTGEN 
William F 
Chicago 25 
Thursday of October, November, January, Feb- 
ruary, March, and April at 8:00 P.M. 

ILLINOIS RADIOLOGICAL SocrETy. Secretary-Treasurer, 
George A. Miller, M.D., Carle Hospital Clinic, 
Urbana. Spring and Fall meetings. 

ILLINOIS STATE MEDICAL SOCIETY, SECTION ON RADI- 

Secretary, William Meszaros, M.D., 1825 

W. Harrison St., Chicago. 


Society. Secretary-Treasurer, 
Hutson, M.D., 5145 N. California Ave., 
Meets at the Sheraton Hotel, second 


OLOGY. 


Indiana 
INDIANA ROENTGEN 
David E 
Indianapolis 


Society. Secrelary-Treasurer, 
Wheeler, M.D., 1500 North Ritter, 
Meets twice a year, first Sunday in 
May and during fall meeting of State Medical 
Association. 

‘STATE RADIOLOGICAL SocreTy (Southern Indiana, 
Northwestern Kentucky, Southeastern Illinois). 
Secretary-Treasurer, James R. Mathews, M.D., 
118 S. E. First St., Evansville, Ind. Meets 
October, January, March, and May. 


Iowa 


Iowa RaproLocicat Society. Secretary, James 7 
McMillan, M.D., 1104 Bankers Trust Bldg., Des 
Moines. Meets during annual session of Sta 
Medical Society, and in the Fall. ; 


Kansas 


KANSAS RADIOLOGICAL SOCIETY. Secretary-Treasyy, 
Lewis G. Allen, M.D., 807 Huron Bldg, Kang: 
City, Kans. Meets in the Spring with the State 
Medical Society and in the Winter on call. 


Kentucky 

KENTUCKY RADIOLOGICAL Society. Secretary-Tr 
urer, Robert H. Akers, M.D., VA Hospital, Loyis. 
ville 2. Meets monthly, second Friday, at Se. 
bach Hotel, Louisville. 

Louisiana 

ORLEANS PARISH RADIOLOGICAL SOCIETY.  Secrelgy: 
Joseph V. Schlosser, M.D., Charity Hospital i 
Louisiana, New Orleans 13. Meets second Tue. 
day of each month. 

RADIOLOGICAL SocrETY OF LOUISIANA. Secrear- 
Treasurer, Robyn Hardy, M.D., 4324 Magnol 
St., New Orleans 15. 

SHREVEPORT RADIOLOGICAL CLuB. Secretary, W. 2 
Harwell, M.D., 608 Travis St. Meets month! 
September to May, third Wednesday. 


Maine 
MAINE RADIOLOGICAL Society. Secretary-Treasum, 
Albert A. Poulin, M.D., Thayer Hospital, Wate 
ville 


April. 


Meets in June, October, December, ani 


Maryland 

MARYLAND RADIOLOGICAL SocrETy. Secretary, Alber 
B. Shackman, M.D., 705 Medical Arts Bldg 
Baltimore 1. 

Michigan 

Detroir X-Ray AND Rapium Society. Secretar) 
Treasurer, Kenneth L. Krabbenhoft, M.D., 3&% 
Brush, Detroit 1. Meets first Thursday, October 
to May, Wayne County Medical Society rooms 

UPPER PENINSULA RADIOLOGICAL SocrETY. Secretar) 
Arthur Gonty, M.D., Menominee. Meets quar 
terly. 


Minnesota 

MINNESOTA RADIOLOGICAL SOCIETY. Secretary-Tres- 
urer, Donald H. Peterson, M.D., 25 W. Fourth 
St., St. Paul 2. Meets Fall, Winter, and Spring 


Mississippi 

MISSISSIPPI RADIOLOGICAL SOCIETY. Secretary-Tress 
urer, Bernard T. Hickman, M.D., University at 
Mississippi Medical Center, Jackson. Meets 
monthly, on third Thursday, 6:00 p.M., at Hote 
Edwards, Jackson. 


y 
x 
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Missouri 

Greater St. LOUIS RADIOLOGICAL SOCIETY. 

tary-Treasurer, Armand E. Brodeur, M.D., 35 N, 
Central Ave., Clayton 5, Mo. Meets on fourth 
Wednesday, October to May. 

RADIOLOGICAL SOCIETY OF GREATER KAnsAs CIty. 
Secretary, Gerhard W. Schottman, M.D., 4400 J. C. 
Nichols Pkwy., Kansas City, Mo. Meets fourth 
Friday of each month October through May. 


Secre- 


Montana 
MonTANA RADIOLOGICAL Society. Secretary-Treas- 
urer, J. K. Boughn, M.D., 35—11th Ave., Helena. 


Meets annually. 


Nebraska 

NepRASKA RADIOLOGICAL SOCIETY. Secretary-Treas- 
urer, Ronald E. Waggener, M.D., Nebraska 
Methodist Hospital, Omaha. Meets | third 


Wednesday of each month at 6 P.M. in Omaha or 
Lincoln. 


Nevada 

NevapA RADIOLOGICAL SocrETY. Corresponding Sec- 
retary, Robert M. Taylor, M.D., 2020 W. Charles- 
ton Blvd., Las Vegas. Meets during annual ses- 
sion of State Medical Society. 


New England 

Connecticut VALLEY RaproLocic Society. Secre- 
tary-Treasurer, Paul J. Kingston, M.D., 114 Wood- 
land St., Hartford, Conn. Meets second Friday 
of October and April. 

New ENGLAND ROENTGEN Ray Society. Secretary, 
John E. Gary, M.D., 1180 Beacon St., Brookline 
46, Mass. Meets third Friday, October through 
May, Longwood Towers, Brookline, Mass. 


New Hampshire 

New HAMPSHIRE ROENTGEN Ray Society. Secretary- 
Treasurer, Paul Y. Hasserjian, M.D., 1470 Elm 
St., Manchester. Meets three times a year. 


New Jersey 


RapiotocicaL SocieTy OF NEW JERSEY. Secretary, 
Austin J. Tidaback, M.D., 912 Prospect Ave., 
Plainfield. Annual meeting in Spring, Atlantic 
City; Fall meeting October or November, Newark. 


New York 


BROOKLYN RADIOLOGICAL SOCIETY. Secretary-Treas- 
urer, Isadore Katz, M.D., 450 Clarkson Ave., 
Brooklyn 3. Meets first Thursday of each 

F month, October through May. 

SUFFALO RapIoLocicat Society. Secretary, Kenneth 
H. Seagrave, M.D., Buffalo Medical Group, 537 
Delaware Ave., Buffalo 2. 

. October to May. 

“ENTRAL NEw York RADIOLOGICAL SociETY. Secre- 
ary, Joseph A. Head, M.D., Hospital of the Good 

Shepherd, Syracuse University, Syracuse. Meets 

frst Monday, October through May. 


Meets second Monday, 
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Kincs County RaproLocicaL Society. Secretary- 
Treasurer, C. P. Naidorf, M.D., 411 Parkside 
Ave., Brooklyn 26. Meets fourth Thursday, 


October to April (except December), at 9:00 P.m., 
Kings County Medical Bldg. 

NASSAU RADIOLOGICAL SocrETy. Secretary, Alan E., 
Baum, M.D., 100 Newbridge Road, Hicksville, 
N. Y. Meets second Tuesday, February, April, 
June, October, and December. 

NEW YorRK ROENTGEN Society. Secretary, William 
B. Seaman, M.D., 622 W. 168th St., New York 32, 
N. Y. 

NORTHEASTERN NEW YorRK RADIOLOGICAL SOCIETY. 
Secretary-Treasurer, Irving Van Woert, Jr., M.D., 
Albany Hospital, Albany. Meets in the capital 
area second Wednesday, October, November, 
March, and April; annual meeting, May or 
June. 

RADIOLOGICAL SOCIETY OF STATE OF NEW YORK. 
Secretary-Treasurer, Mario C. Gian, M.D., 610 
Niagara St., Buffalo 1. Meets annually with the 
State Medical Society. 

ROCHESTER ROENTGEN-RaAy Society. Secretary-Treas- 
urer, Robert H. Greenlaw, M.D., 188 Irvington 
Road, Rochester 20. Meets last Monday of each 
month, September through May. 

WESTCHESTER RADIOLOGICAL SOCIETY. Secretary, 
Richard P. Avonda, M.D., 212 Harwood Bldg, 
Scarsdale. Meets third Tuesday of January and 
October and as announced. 


North Carolina 

RADIOLOGICAL SOCIETY OF NORTH CAROLINA. Secre- 
tary-Treasurer, Owen Doyle, M.D., 1015 Profes- 
sional Village, Greensboro. Meets in spring and 
fall of each year. 


North Dakota 

Secretary, 
Richard F. Raasch, M.D., P.O. Box 990, Dickin- 
son. Meets in the Spring with State Medical 
Association; in Fall or Winter on call. 

Ohio 

Ouro STATE RADIOLOGICAL SocrETy. Secretary, Paul 
D. Meyer, M.D., 6160 Cherry Hill Dr., Columbus. 

CENTRAL OHIO RADIOLOGICAL Society. Secretary- 
Treasurer, William B. Schwartz, M.D., 1500 W. 
Third Ave., Columbus 12. Meets second Thurs- 
day, October, November, January, March, and 
May, 6:30 p.M., Fort Hayes Hotel, Columbus. 

CLEVELAND RADIOLOGICAL Society. Secretary-Treas- 
urer, Norman E. Berman, M.D., 14404 S. Park 
Blvd., Shaker Heights 20. Meets at 7:00 P.M., 
fourth Monday, October, November, January, 
February, March, and April, at Tudor Arms 
Hotel. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY. 
tary-Treasurer, Stanley J. Lucas, M.D., Provident 
Bank Bldg., Cincinnati 2. Meets first Monday, 
September through May, at Cincinnati Genera! 
Hospital. 


Secre- 
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M1AMI VALLEY RADIOLOGICAL Society. Secretary- 
Treasurer, G. F. Johnson, M.D., 1030 Reibold 
Bldg., Dayton 2, Ohio. Meets monthly, second 
Thursday, Miami Valley Hospital, Dayton. 


Oklahoma 
OKLAHOMA STATE RADIOLOGICAL SocrETy. Secretary, 
J. Murphree, M.D., 617 E. Brookfield, Ponca City. 


Oregon 

OREGON RapIoLocicaL Society. Secretary-Treasurer, 
Barbara J. Radmore, M.D., 1162 Willamette St., 
Eugene. Meets monthly, second Wednesday, 
October to June, University Club, Portland. 


Pacific Northwest 

PaciFic NORTHWEST RADIOLOGICAL Society. Secre- 
tary-Treasurer, John W. Burkey, M.D., 509 Olive 
Way, Seattle 1, Wash. Next annual meeting in 
Portland, Ore., May 1961. 


Pennsylvania 

PENNSYLVANIA RADIOLOGICAL Socrety. Secretary- 
Treasurer, Frederick R. Gilmore, M.D., Clearfield 
Hospital, Clearfield. Next annual meeting, Bed- 
ford Springs Hotel, May 26-27, 1961 

PHILADELPHIA ROENTGEN Ray Society. Secretary, 
Robert B. Funch, M.D., Germantown Hospital, 
Philadelphia 44. Meets first Thursday of each 
month at 5:00 p.m., from October to May, in 
Thompson Hall, College of Physicians. 

PITTSBURGH ROENTGEN SocrEtTy. Secretary, Charles 
N. Chasler, M.D., Elizabeth Steel Magee Hospital, 
Pittsburgh 13. Meets monthly, second Wednes- 
day, October through June. 


Rocky Mountain States 

Rocky MountTAIN RADIOLOGICAL Society. Secretary- 
Treasurer, John H. Freed, M.D., 4200 E. Ninth 
Ave., Denver 20, Colo. Next annual meeting, 
Aug. 11-13, 1960, Denver Hilton Hotel, Denver. 


South Carolina 

SoutH CAROLINA RADIOLOGICAL Society. Secretary, 
Wayne Reeser, M.D., 1600 Ninth Ave., Conway. 
Meets with State Medical Association in May. 

South Dakota 

RADIOLOGICAL Society OF SouTH Dakota.  Secretary- 
Treasurer, Donald J. Peik, M.D., 303 S. Minnesota 
Ave., Sioux Falls. Meets during annual meeting 
of State Medical Society. 


The Southeast 


Southern Radiological Conference. 
urer, Marshall Eskridge, M.D., 
Ave., Mobile, Ala. 


Secretary-Treas- 
1252 Springhill 


The Southwest 

SOUTHWESTERN RADIOLOGICAL SocrEtTy.  Secrelary- 
Treasurer, Ralph S. Clayton, M.D., 1501 Arizona 
Bldg. 2-A, El Paso, Tex. Meets monthly, last 
Friday, 6:30 p.m., Paso Del Norte Hotel, El Paso. 
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Tennessee 

East TENNESSEE RADIOLOGICAL Society. Secretary. 
Treasurer, J. Marsh Frere, Jr., M.D., 205 Medic 
Arts Bldg., Knoxville. Meets in September ay; 
January, and prior to State Medical Associatin 
meeting. 

MEMPHIS ROENTGEN SOCIETY.  Secretary-Treasyy, 
Hollis H. Halford, M.D., Kennedy VA Hospita 
Memphis 15. Meets monthly first Monday, Joy 
Gaston Hospital. 

TENNESSEE RADIOLOGICAL SOCIETY. Secretary-Tra;, 
urer, James J. Range, M.D., P.O. Box 324, John. 
son City. Meets annually with State Media; 
Association in April. 


Texas 

CENTRAL TEXAS RADIOLOGICAL SocIETy.  Secreigyy 
Treasurer, Glenn Addison Stokdyk, M_D., VA 
Center, Temple. Meets monthly, fourth Monday 
at Kosel’s Cafe, Temple. 

DALLAS-FORT WoRTH RADIOLOGICAL Society, Sey 
tary-Treasurer, W. H. Neil, M.D., 1217 W. Canny 
St., Fort Worth. Meets monthly, third Monday 
6:30 p.M., at the Greater Fort Worth Internation: 
Airport. 

HOousTON RADIOLOGICAL Society. Secretary, Edwari 
Singleton, M.D., 6621 Fannin St., Houston 25 
Meets monthly, last Monday, at Doctors’ Club 

San ANTONIO-MILITARY RADIOLOGICAL Society. Sx 
retary, Hugo F. Elmendorf, Jr., M.D., 730 Medicd 
Arts Bldg., San Antonio 5, Texas. Meets zt 
Fort Sam Houston Officers’ Club, third Wednesday 
of each month, 6:30 p.m. 

TEXAS RADIOLOGICAL Society. Secretary-Treasurer 
R. P. O’Bannon, M.D., 1216 Pennsylvania Ave, 
Fort Worth 4. Next meeting in Fort Worth, Jan 
20-21, 1961. 

Utah 

UTAH STATE RADIOLOGICAL Society. Secretary-Tress- 
urer, Richard Y. Card, M.D., St. Mark’s Hospital 
Salt Lake City 3. Meets third Wednesday 
January, March, May, September, November 

Vermont 

VERMONT RADIOLOGICAL Society. Secretary-Treasurer 
John R. Williams, 46 Nichols St., Rutland. 

Virginia 

VIRGINIA RADIOLOGICAL SOCIETY. 


Secretary, Frank 4 
Kearney, 2nd, M.D., 110 S. Curry St., Phoebus 


Washington 


WASHINGTON STATE RADIOLOGICAL Society. Secretary 


Treasurer, Joseph T. Houk, M.D., 14303 Ambaur 
Blvd., Seattle 66. 


ton Medical School 


West Virginia 

WEsT VIRGINIA RADIOLOGICAL SOCIETY. 
Treasurer, Karl J. Myers, M.D., Myers Clinic 
Broaddus Hospital, Philippi. 
Medical Society, and as announced. 
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Wisconsin 

\MmWAUKEE ROENTGEN Ray Society. Secretary- 

: Treasurer, Joseph F Wepfer, M.D., 5000 W. Cham- 
bers St., Milwaukee 10. Meets fourth Monday, 
October through May, at the University Club. 

section ON RaproLocy, STATE MEDICAL SOCIETY OF 
Wisconsin. Secretary, Abraham Melamed, M.D., 
425 E. Wisconsin Ave., Milwaukee 2. Meets in 
October with State Medical Society. 

Wisconsin RaproLocicaL Society. Secretary-Treas- 
urer, Howard G. Bayley, M.D., 124 Winn Terrace, 
Beaver Dam. 


Puerto Rico 

AsocIaCION PUERTORRIQUENA DE RapDIOLoGia. Secre- 
tary-Treasurer, Dr. R. B. Diaz Bonnet, Suite 504, 
Professional Bldg., Santurce, P.R. 


CANADA 


CANADIAN ASSOCIATION OF RaproLocists. Honorary 
Secretary-Treasurer, Robert G. Fraser, M.D.; As- 
sociate Honorary Secretary-Treasurer, Jean-Louis 
Leger, M.D. Central Office, 1555 Summerhill 
Ave., Montreal 25, Quebec. Meets in January 
and June. 

La Société CANADIENNE-FRANGAISE D’ELECTRO- 
RADIOLOGIE MEDICALES. General Secretary, Louis 


Ivan Vallée, M.D., Hépital Saint-Luc, 1058 rue 
St-Denis, Montreal 18. Meets third Saturday of 
each month. 
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L’ASSOCIATION DES RADIOLOGISTS DE LA PROVINCE DB 
QufésBEc. ASSOCIATION OF RADIOLOGISTS OF THE 
PROVINCE OF QUEBEC. Secretary, O. Raymond, 
M.D., 5400 Blvd. Gouin W., Montreal 9. Meets 
four times a year. 

MONTREAL RapIOLocicaAL Stupy Cius. Secretary- 
Treasurer, Fleming McConnell, M.D., 1650 Cedar 
Ave., Montreal, Que. Meets first Tuesday even- 
ing, October to April. 


TorRONTO RapioLocicaL Society. Secretary-Treas- 
urer, L. R. Harnick, M.D., X-Ray Department, 
Toronto Western Hospital, 399 Bathurst St. 
Meets second Monday evening, September to May. 


CUBA 
SOCIEDAD CUBANA DE RADIOLOG{A y FISIOTERAPIA. 
Secretary, Dr. Miguel A. Garcia Plasencia, Hos- 
pital Curie, 29 y F, Vedado, Havana. Meets 
monthly. 


MEXICO 
SOCIEDAD MEXICANA DE RaproLocia. Headquarters, 
Calle de Coahuila, Nam. 35, Mexico 7, D. F. 
Secretary General, Dr. Jorge Ceballos Labat. 
Meets first Monday of each month. 


PANAMA 


SOCIEDAD RADIOLOGICA PANAMENA. Secretary-Editor, 
Luis Arrieta Sanchez, M.D., Apartado No. 86, 
Panama, R. de P. 





ABSTRACTS OF CURRENT LITERATURE 





ROENTGEN DIAGNOSIS 


The Head and Neck 

TAVERAS, JUAN M., AND Poser, CHARLES M. 
Roentgenologic Aspects of Cerebral Angiog- 
raphy in Children ; ; 

SALTZMAN, GEORG-FREDRIK. Angiographic 
Demonstration of the Posterior Communica- 
ting and Posterior Cerebral Arteries. II. 
Pathologic Angiography 

SUSSMAN, BERNARD J., AND FitcH, Tuomas S. P. 
Thrombolysis with Fibrinolysin in Cerebral 
Arterial Occlusion: The Role of Angiog- 
raphy 

SALTZMAN, Circulation 

Communicating 


GEORG-FREDRIK. 
Through the 
Artery Studied by Carotid Angiography 

WIEDENMANN, O., AND Hipp, E. Abnormal 
Communications Between the Branches of 
the Internal Carotid Artery and the Basilar 
Artery (Carotid-Basilar Anastomosis ). : 

Scumitz, ALFRED L. Changes in the Ambient 

Cisterns Secondary to 


Anterior 


Wing Intracranial 
Masses 

KEVILLE, FRANKLIN J., AND WISE, BuRTON L. 
Intracranial Epidermoid and Dermoid 
Tumors 

EDEIKEN, JACK, AND NAGLE, WILLIAM. Hyper- 

parathyroidism with Pseudoerosion of the 
Sella Turcica. Report of Case. 

JACOBSON, GEORGE, AND BLEECKER, H. HARLAN. 


Pseudosubluxation of the Axis in Children 


The Chest 

TEIXEIRA, JESSE, AND TEIXEIRA, L. 
Bronchography Without Oil and Iodine 
Use of Barium as a Contrast Medium 

VANCE, JOHN W., ET AL. The Solitary Circum- 

Due to Bron- 

a 3-Year Follow-up 


C. VIEIRA 
The 


scribed Pulmonary Lesion 


chogenie Carcinoma: 


Study of 94 Surgically Treated Patients 
CoLuieR, FRED C., ET AL. Teratoma of the 
Lung 


3ovE, ERNsT. Progressive Bullous Emphysema: 
“Vanishing Lung.’’. 

Kocu, DoNnaLp A. Roentgenologic Considera- 
tions of Capillary Bronchiolitis 

HopGE, JOSEPH, ET AI Primary Mediastinal 
Tumors 


The Heart and Blood Vessels 
KEATS, THEODORE E., AND Martt, Jack M. 
Acyanotic Tetralogy of Fallot 


Lyons, HAROLD A., ET AL. Angiocardiographic 


Study of Atrial Thrombi with Surgical- 
Pathological Correlation. 
SCHOBINGER, ROBERT. Transspinous Angiog- 


raphy of the Inferior Vena Cava 


141 


141 


142 


142 


142 


143 


145 


144 


144 


146 


——. 


O’LouGuLIn, B. J. Caval Contrast Radiography 
CRITTENDEN, I. HUNTER, ET AL. A Syndrome 


Featuring Defects of the Heart, Sternum, Dia. 


phragm, and Anterior Abdominal Wall 

Gonpos, BELA, ET AL. Dissecting Aneurysm of 
the Aorta. Report of Two Cases Diagnosed 
by Angiocardiography 

CASTELLANOS, A., ET AL. Thoracic Aortography 
Versus Levoangiocardiography. . te 

Tori, GruLio, AND GarRusI, GIANFRANCO. Con. 
genital Absence of Right Pulmonary Artery 
with Patent Ductus Arteriosus and Auricular 
Septal Defect. Angiocardiographic Diagnosis, 

WALDHAUSEN, JOHN A., ET AL. Pulmonic 
Stenosis Due to Compression of the Pulmo- 
nary Artery by an Intrapericardial Tumor 

HopGson, CorRRIN H., ETAL. Hereditary Hemor- 
rhagic Telangiectasia and Pulmonary Arterio- 
venous Fistula. Survey of a Large Family 

CURRARINO, GuIDO, ET AL. Abnormal Congeni- 
tal Fistulous Communications of the Coro- 
nary Arteries 

Kay, JEROME HAROLD, ET AL. Successful Repair 
of Sinus of Valsalva-Left Atrial Fistula 

KELLY, Patrick J., ET AL. The Effect of 
Arteriovenous Fistulae on the Vascular 
Pattern of the Femora of Immature Dogs 
A Microangiographic Study 

SANDERS, RICHARD J., AND Morrow, ANDREW G. 
The Identification and Quantification of 
Left-to-Right Circulatory Shunts. A New 
Diagnostic Method Utilizing the Inhalation 
of a Radioactive Gas, Kr®. 


The Digestive System 
TEMPLETON, F. E. Gastrointestinal Radiology. . 
Katz, JOSEPH, AND COHEN, GEorGE. A Pre- 
liminary Statistical Survey of Carcinoma of 
the Oesophagus in the African with Special 
Reference to Acquired Oesophageal Fistulae 
Mutter, C. J. B. Carcinosarcoma of the 
Oesophagus 
LILJEDAHL, S.-O., ET AL. 
Studies of Motility in 
Healthy Subjects and in Patients with 
Gastric or Duodenal Ulcer, with Special 
Reference to Various Methods of Gastrec- 
tomy and the Dumping Syndrome 
ROWLING, J. THompson. The Prepyloric Septum: 
A Rare Anomaly. . 
SIURALA, M., ET AL. 
Gastric Carcinoma . 
Kapo, Peter J. Pseudodiverticulum 
Secondary to Pancreatic Pseudocyst.. 
Frorrro, Epuarpo §., AND RECALDE CUESTAS, 
Luis A. and Treatment of 


Cineroentgenographic 
Gastrointestinal 


Pernicious Anemia and 


Gastric 


Diagnosis 


Acute Intestinal Intussusception with Con- 
trolled Insufflation of Air 


iy 


an 
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MALKASIAN, GEORGE D., JR., ET AL. Volvulus 

, Associated with Pregnancy: A Review and 
a Report of 3 Cases se $8 pe 

PonKA, JOSEPH L., ET AL Coexisting Carcinoma 
and Diverticula of the Colon. A Review of 
Three Hundred Fifty-Five Cases of Carci- 
noma of the Colon 

Eptinc, N P. G., BT AL. Roentgenologic 
Findings in Ulcerative Colitis with Malignant 
Degeneration 

Rot, James L. A., ET AL. 
Ulcerative Colitis. 


Toxic Megacolon in 
BiRNSTINGL, MARTIN. A Study of Pancreatog- 
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THE HEAD AND NECK 


Roentgenologic Aspects of Cerebral Angiography in 

Children. Juan M. Taveras and Charles M Poser. 
Am. J. Roentgenol. 82: 37 1-391, September 1959. 
(Neurological Institute, 622 W. 168th St., New York 
32, N. Y.) , 
The authors report on 207 cerebral angiograms ob- 
tained in 138 children under the age of thirteen They 
have previously shown this procedure to be relatively 
harmless, with only mild and transient complications 
and less morbidity than is associated with pneumo- 
encephalography (Poser and Taveras: Pediatrics 16: 
73, 1955. Abst. in Radiology 66: 774, 1956). In 
practically all cases the percutaneous method was used. 
The technic is essentially the same as in adults. The 
first six exposures are taken at half-second intervals. 
Four additional exposures are then made at intervals of 
one second. This allows visualization of seven seconds 
of circulation time without increasing the exposure to 
the patient. If there are clinical signs of increased 
intracranial pressure, which is known to cause lengthen- 
ing of the circulation time, the number of exposures at 
ne-second intervals is increased to six. 

To avoid distortion of shadows, it has been the 
authors’ custom to take a lateral roentgenogram with 
the film against the side being injected. In obtaining 
the anteroposterior view, the roentgen beam is directed 
in such a way that the superior margin of the orbit and 
that of the petrous pyramids are superimposed. The 
tube is angled caudad 12° from the canthomeatal line in 
adults. In children, slightly less angulation is neces- 
sary; an angle of 5° is used routinely, except in 
children under five years, in whom no angulation is em- 
ployed. Ten minutes are usually permitted to elapse 
between any two injections of contrast material. 
With the use of an automatic injector, 6 c.c. is injected 
in older children and in adults, and 4 c.c. in children 
six years of age or younger. With manual injection, 


the comparable amounts used are 6 c.c. under ten years _ 


and 8c.c. over ten. With the automatic injector the 
time is set for approximately 1.25 seconds. Routine 
compression of the internal carotid artery on the oppo- 
site side during the injection of contrast substances has 
been omitted 

Vertebral angiography was carried out in 11 cases. 
For the anteroposterior projection, a 25° angulation of 
the tube caudad, relative to the canthomeatal line, is 
lesirable 

Contralateral filling of the two anterior cerebral and 
sometimes of the opposite middle cerebral arteries 
seems to be more frequent in children—especially 
younger children—than in adults. This may be related 
oa lower blood pressure, the smaller size of the capil- 
‘ary bed, and the use of a greater amount of contrast 
substance than is actually necessary. 

In children under ten years of age, some degree of 
posterior cerebral artery filling occurred in about 50 per 
cent of the examinations, i.c., much more frequently 
than in adults. 

ihe verage arterial circulation time was 1.5 seconds. 
The capillary phase” is usually not as well defined in 
children as in adults. The venous phase is about the 
same as in older patients. The average circulation time 


from Maximum concentration in the carotid siphon to 
maximum concentration of the opaque medium in the 
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parietal veins) is slightly shorter in children than in 
adults. Any child with a circulation time of 5.5 seconds 
or over should be considered abnormal. This may be 
due to increased intracranial pressure or to arterial 
thrombosis. 

The caliber of the arteries branching from the internal 
carotid in children was slightly larger on the average 
than in adults. This was true particularly of the proxi- 
mal portion of the anterior and middle cerebral arteries. 
It was felt that the difference in the size of the vessels 
was most probably due to some degree of diffuse vascu- 
lar spasm present in adults during angiography. Chil- 
dren, as well as adults, with bleeding aneurysms show 
local and diffuse vascular spasm which is not modified 
by general anesthesia or by the type of contrast sub- 
stance used. 

The middle cerebral artery bears a constant relation- 
ship to a line drawn from the anterior clinoid process to 
a point 2 cm. above the lambda. In normal children 
the middle cerebral artery is always above this line. 

Angiography was helpful in obtaining information 
which tended to elucidate the clinical problem in 58 of 
132 patients. The lesions most frequently diagnosed 
by angiography in adults are supratentorial neoplasm 
and saccular aneurysm. In children, the proportions 
are different; venous and arteriovenous angiomas and 
subdural hematomas are encountered as frequently as 


neoplasms. 
Forty roentgenograms; 3 diagrams; 2 graphs; 3 
tables. Joun P. Fotropoutos, M.D. 


Northwestern University Medical School 


Angiographic Demonstration of the Posterior Com- 
municating and Posterior Cerebral Arteries. II. 
Pathologic Angiography. Georg-Fredrik Saltzman. 
Acta radiol. 52: 114-122, August 1959. (Serafimer- 
lasarettet, Stockholm, Sweden) 

In an earlier paper, the author considered the angio- 
graphic demonstration of the posterior communicating 
and posterior cerebral arteries under normal conditions 
(Acta radiol. 52: 1, 1959. Abst. in Radiology 74: 863, 
1960). The present communication reports a study of 
a series of patients with intracranial expansive lesions. 
Two hundred twenty-three carotid ‘angiographies were 
carried out on the side on which an expansive process 
was situated or was most advanced. The posterior 
cerebral artery in this group was visible in 78 cases 
(35 per cent + 3.2 percent). This incidence of visuali- 
zation is almost in complete accord with the correspond- 
ing figure in a group of normal patients. This would 
indicate that the posterior cerebral artery is not filled 
more frequently in tumor cases than in normal subjects. 
The same may be said of intracranial expansive lesions 
on the whole. 

The vessel was similarly studied in patients with ar- 
terial aneurysms and in a small group of cases of arterio- 
venous aneurysm and of thrombosis in the internal 
carotid artery system distal to the origin of the pos- 
terior communicating artery. The posterior cerebral 
artery was generally demonstrated less frequently in 
the presence of aneurysm than in a normal series. 
Aneurysms of the internal carotid artery at the origin 
of the posterior communicating artery form an excep- 
tion to this rule. It is conceivable that the close prox- 
imity of the aneurysm may in some way hinder the 
posterior communicating artery from filling. 
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With arteriovenous aneurysms, the incidence of filling 
of the vessel was almost the same as in the normal 


material. In patients with thrombosis of the internal 
carotid artery system distal to the origin of the pos- 
terior communicating artery, filling of this vessel was 
obtained much more frequently than in the normal 
group 
Three tables THEODORE E. Keats, M.D. 
University of Missouri 


Thrombolysis with Fibrinolysin in Cerebral Arterial 
Occlusion: The Role of Angiography. Bernard J 
Sussman and Thomas S. P. Fitch. Angiology 10: 
268-282, August (Part 2) 1959. (Montefiore Hospital, 
New York 67, N. Y.) 

Evidence for the efficacy of a thrombolytic agent in 
cerebral arterial occlusion is difficult to evaluate 
clinically. Improvement often occurs in untreated 
cases of cerebral thrombosis. In addition, the signs of 
an occlusion can be produced by cerebral ischemia of 
many causes or by hemorrhage. In fact, the actual 
closure of a vessel may not even be related to the for- 
mation of a thrombus within the lumen; obliteration of 
the vessel lumen can result from extrinsic compression, 
embolization, atherosclerotic narrowing, or intramural 
hemorrhage. It is therefore essential that, before a 


patient is treated and conclusions drawn from his 
clinical course, the occlusion be established, then 
localized, and, finally, followed during therapy. This 
can be done accurately by carotid arteriography. If a 


patient with hemiplegia has a normal carotid arterio- 
gram, he is best left untreated. 

Fibrinolysin was employed in 9 cases of angiographi- 
cally demonstrated carotid or cerebral vessel occlusion 
Favorable results marked by vascular clearing were ob- 
tained in 4 cases, 3 of which were embolic in nature 
A partially favorable result was attained in 2 cases. 
In 3 instances, there was no apparent change in follow 
studies. Postmortem examination dis 
closed that 1 of these patients suffered a thrombosis of 
the middle cerebral artery and its branches; 
must be considered a therapeutic failure 
2 patients the exact 


up roentgen 


this case 
In the other 
nature of the occlusion is not 


known, and atherosclerotic obliteration may have 
occurred 
Sixteen roentgenograms; 5 photographs; 3 photo- 


micrographs 


Circulation Through the Anterior Communicating 
Artery Studied by Carotid Angiography. 
Fredrik Saltzman. Acta radiol. 52: 194-208, Septem- 
ber 1959. (Serafimerlasarettet, Stockholm, Sweden 

The anterior communicating artery is rarely absent 
anatomically 


Georg- 


With contralateral carotid compression, 
it is possible angiographically to test whether circula 
tion through this Not infrequently, 
however, both the pericallosal arteries can be demon 


vessel is free 
trated at carotid angiography without compression 
rhe studied the which influence this 
pontaneous passage of contrast medium through the 


author factors 


interior Communicating artery in normal and patho 


logical conditions 
In conventional carotid angiograms in the absence of 


vascular lesions, significant differences in passage 


through the communicating artery were found on left 
ide injection (39.1 + 2.1 per cent) and injection on the 


right (29.5 + 2.1 per cent), in the male (39.9 + 2.1 per 


cent) as compared to the female (28.4 + 


2. per cent), 
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and with internal carotid injection (43.9 + 2.0 per cey 
in comparison with common carotid injection (21 -. 
2.0 per cent). When extravasation of contrast medi § 
occurred, the incidence of bilateral filling of both te 
terior cerebral vessels dropped from 34.7 + 15 pe 
cent to 17.8 + 3.8 per cent. In 14 (13.9 + 34,, 
cent) of 101 examinations with extravasation, not -- 
the anterior cerebral artery on the injected side y 








visible. Blood pressure and prior injection of the ¢ 
ternal carotid vessel did not significantly influence 
passage through the anterior communicating arter 
nor was anesthesia or the rate of injection of impor 
tance in this respect. 

Different contrast media showed a significant ¢j 
ference, but the cause is apparently not related tot} 
concentration. Hypaque 45 per cent produced Visual: 
zation of the anterior communicating vessel in 473 = 
4.1 per cent, and Triurol 50 per cent in 31.4 + 5.0 per 
cent. It was noted that passage of contrast mater; 
across the midline took place as long as the medium wa 
visible in the carotid siphon in 43 + 5.1 per cent, buti: 
o6 + 5.1 per cent the medium could be seen in bo 
pericallosal arteries only while injection was in progres 
No significant difference was established between tapi 
and slow injection. 

The author recommends that, for cases in whichit 
particularly necessary to evaluate passage through th 
anterior communicating artery, (1) the internal caroti 
artery should be punctured, (2) rapid serial angiograph 
should be the procedure of preference, and (3) car 
should be exercised to avoid puncture complication 

extravasation ) 

The incidence of filling of both pericallosal arteries i: 
intracranial expansive processes did not, in general 
diverge significantly from the figure obtained in th 
normal material. The incidence was higher than aver 
age in temporal lobe lesions and lower in lesions of th 
central brain area. There was no difference in passag 
related to the type of intracranial expansive process 

In arterial aneurysms the incidence of passage wa: 
low when the aneurysm was situated at the origin of th 
posterior communicating artery and the internal caroti 
artery or in the middle cerebral artery. With ane 
rysms in the anterior cerebral artery at the origin of th 
anterior communicating artery, the incidence was higher 
than in any other part of the analysis. Carotid ang 
ography on the opposite side in these cases revealed in 
complete filling of the anterior cerebral artery in near 
one-half of the instances. Hence, if nonfilling of the 
anterior cerebral artery is noted without puncturn 
complications, this should be a definite indication for 
performing a carotid angiography on the opposite side 

wo angiograms; 3 tables 

Joun A. CampBELL, M.D 
Indiana University Medical Center 


Abnormal Communications Between the Branches 0 
the Internal Carotid Artery and the Basilar Artery 
(Carotid-Basilar Anastomosis). ©. Wiedenmann ane 
E. Hipp. Fortschr. a. d. Geb. d. Réntgenstrahlen 91: 
350-365, September 1959. (In German ( Nervenkli- 
nik, Universitat, Miinchen, Germany 

In a review of 7,382 carotid angiograms, the authors 
found 9 examples of an abnormal communication be 
tween a branch of the internal carotid and the basilar 
anastomosis). In 6 cases the 
consisted of a primitive trigemm# 
irtery, in 2, a primitive hypoglossal artery, and in 1,4 


artery (carotid-basilar 


communication 
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itive acoustic artery. The difficulty of demon 
ese carotid-basilar anastomoses radiologically 
In no case in the present series were 
butable to the abnormality 

with accompanying dia 


prim 
strating th 
is emphasized 
there symptoms attri 

Fourteen roentgenograms, 


grams 


Changes in the Ambient Wing Cisterns Secondary to 
Intracranial Masses. Alfred L Schmitz Acta radiol 
52: 209-216, September 1959. (I niversity of Cali 
fornia School of Medicine, San Francisco, Calif ) 

The normal ambient wing cisterns are a portion of the 
gibarachnoid space situated around the thalamus 
They are perpendicular to the ambient cistern proper, 
ind extend from its anterior superior edge. In life the 
ambient wing cistern can best be demonstrated by en 
cephalography. On lateral films the two wings are 
superimposed and appear concave anterosuperiorly 
Large ambient wings can occasionally be seen on a fre mn 
tal view with the central ray approximately perpendic 
ylar to the tentorial slit. They extend laterally from 
the upper anterior portion of the brain stem and outline 
the pulvinar 

Dislocations of the ventricular system by tumor in 
the region of the trigone are accompanied by disloca 
tion of the ambient wing cisterns. The direction of 
lisplacement reflects the direction of force. In the 
event that the ventricular system cannot be filled on 
the diseased side, comparison of the position of the dis 
placed ambient wing cistern with that of the normal 
wing or ventricle is of great diagnostic import 

The ambient wing cistern may also be displaced by 
indirect pressure secondary to a herniation of the pos- 
terior portion of the temporal lobe through the tentorial 
jit. These posterior temporal herniations occurred in 
ents without clinical evidence of increased intra- 





ranial pressure 
Thirteen roentgenograms; 2 photographs of anatom- 
ical specimens EUGENE C. KLaTTE, M.D 
Indiana University Medical Center 





Intracranial Epidermoid and Dermoid Tumors. 
Franklin J. Keville and Burton L. Wise. 
16: 564-569, September, 1959. (University of Cali- 
fornia School of Medicine, San Francisco, Calif. ) 

Nineteen cases of intracranial epidermoid and der- 
moid tumors are reviewed. The average age of the 
patients was thirty-five years. Eleven were males and 
8 females 

Five of the tumors were located in the third ventricle; 
jin the temporal fossa; 3 in the parasagittal region; 

in the midline posterior fossa; 2 over the convexity 
tthe cerebral hemispheres; and 1 in the cerebellopon- 
tme angle. Signs and symptoms varied with the loca- 
tion of the lesion, and were not particularly different 
rom those of other tumors in the same location, except 
f r the relatively long duration (average five years). 

Calcification in the lesion was noted on plain roent- 
genograms of the skull in 7 cases. In 1 patient with 
ai epidermoid in the cerebellopontine angle, erosion of 
Me petrous pyramid was present. Localization of the 
‘umor Was accomplished by pneumoencephalography or 
ventriculography in 9 cases and by carotid angiography 
miecase. In 1 instance a tumor in the posterior fossa 
“at extended into the upper cervical region was 
Be ang by myelography. 


f€ results of partial removal of these tumors when 


‘hey lay within the third ventricle or in the midline of 


J. Neurosurg. * 
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Results of 


the posterior fossa were generally poor. 
treatment of the tumors involving the cerebral hemi- 
spheres were better 
Two photographs; 2 tables 
EUGENE A. CorNE ius, M.D 
Houston, Texas 


Hyperparathyroidism with Pseudoerosion of the Sella 
Turcica. Report of Case. Jack Edeiken and William 
Nagle. Arch. Int. Med. 104: 430-432, September 1959. 
(Jefferson Medical College Hospital, Philadelphia 7, 
Penna.) 

A case of hyperparathyroidism with osteitis fibrosa 
cystica is reported. Roentgenograms demonstrated 
radiolucent defects in the ribs, clavicle, and cervical 
spine. The bones of the skull showed diffuse demineral- 
ization. The sella turcica could not be seen, and it was 
thought that erosion due to a pituitary adenoma had oc- 
curred. Further examination suggested the presence of 
a mass in the left lower lobe of the thyroid or left para- 
thyroid, and at operation a parathyroid adenoma was 
removed. It then became apparent that the failure to 
visualize the bones of the sella was due to their deminer- 
alization rather than to erosion from a tumor, as had 
been suspected. Remineralization followed removal of 
the parathyroid adenoma. The other skeletal lesions 
also showed rapid improvement. 

Six roentgenograms. 


Pseudosubluxation of the Axis in Children. George 
Jacobson and H. Harlan Bleecker. Am. J. Roentgenol. 
82: 472-481, September 1959. (University of Southern 
California School of Medicine, Los Angeles 33, Calif.) 

The authors describe in detail and illustrate with 
roentgenograms 4 of 10 cases of anterior dislocations of 
the axis seen at the Los Angeles County Ilospital from 
1950 to 1956, in children between the ages of four and 
six. Clinically there was a history of minor injury 
with subsequent pain on motion of the head and neck 
and torticollis. Roentgenograms of the upper cer- 
vical spine were judged to be abnormal. After twenty- 
fonr to forty-eight hours of immobilization all the pa- 
tients became asymptomatic. 

Lateral roentgenograms of the upper cervical spine 
revealed either anterior displacement of C2 and C3 
and/or angulation at the same level. Since these 
findings were not noted in normal adults, they were con- 
sidered pathological until the normal range of motion in 
children was established as described below. 

During infancy and childhood up to the age of ten, 
flexion and extension are centered at the second and 
third cervical vertebrae. With flexion of the head and 
neck, angulation takes place at the level of C2 and C3. 
Because of the relatively horizontal plane of the artic- 
ular facets and laxity of the intervertebral ligament, 
there is a gliding anteroposterior motion between 
these two vertebrae. Up to 5.0 mm. forward displace- 
ment has been noted in a normal child. Posterior 
displacement of C2 on C3 is noted on hyperextension, 
but this is less frequent. With extension of the cervi- 
cal spine, the anterior displacement or angulation was 
corrected. At about the age of ten, the apex of the 
flexion curve shifts downward to the C4—C5 or C5i— 
C6 level. In older persons forward gliding of C2 on C3 
has not been observed. 

In all cases where the axis is displaced anteriorly, or 
where there is acute angulation at the C2——C3 level, 
either the head or neck is flexed. Usually the greater 
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the degree of flexion the greater is the displacement or 
angulation. Slight flexion of the head may produce an 
apparent deformity and prolong treatment. 

The authors believe that children with injuries to 
the neck and the above roentgen findings should be 
treated symptomatically for whatever soft-tissue injury 
is present, and not for subluxation of the axis. 

Twenty-two roentgenograms. 

MICHAEL LAzoREK, M.D. 
St. Vincent’s Hospital, New York, N.Y. 


THE CHEST 


Bronchography Without Oil and Iodine—The Use of 
Barium as a Contrast Medium. Jesse Teixeira and L. 
C. Vieira Teixeira. Dis. of Chest 36: 256-264, Septem- 
ber 1959. (Hospital Sanatério Santa Maria, Rio de 
Janeiro, Brazil) 

The chief disadvantage of Lipiodol for bronchography 
lies in the persistent filling of the alveoli, masking radio- 
logic detail and even in some instances resulting in so- 
called oil granulomas. The authors used instead a mix- 
ture of barium and methylcellulose and believe this to 
be an excellent bronchographic medium. It has the 
advantage of demonstrating the whole pulmonary can- 
alicular system, including the delicate peripheral bron- 
chi, without penetrating the alveolar units. In the 
majority of cases it is completely coughed up by the 
third day. It is cheap and nontoxic and demonstrates 
the air channels by coating the mucosa rather than by 
filling the lumen. 

The authors employ a proprietary preparation called 
Celobar (prepared by Quimica Farmacéutica Mauricio 
Villela, S.A., Rio de Janeiro), consisting of 150 gm. 
barium sulfate, pur., and 2 gm. methylcellulose. 
Twenty grams of Celobar is added to 30 ml. of physio- 
logic saline and 20 ml. of this suspension is injected on 
the side to be opacified first, after which 10 ml. may be 
introduced on the opposite side. 

Excellent results were obtained in 25 patients (200 
additional cases, equally successful, are mentioned in 
an Addendum). The material is readily eliminated by 
ciliary action and coughing. 

Fourteen roentgenograms 

MorTIMER R. CAMIEL, M.D. 
Brooklyn, N. Y. 


The Solitary Circumscribed Pulmonary Lesion Due 
to Bronchogenic Carcinoma: a 3-Year Follow-up Study 
of 94 Surgically Treated Patients. John W. Vance, 
C. Allen Good, Corrin H. Hodgson, John W. Kirklin, 
and Robert P. Gage. Dis. of Chest 36: 231-237, Sep- 
tember 1959. (Mayo Clinic, Rochester, Minn.) 

Ninety-four patients with single circumscribed pul- 
monary carcinomatous lesions, proved pathologically, 
were studied. The cases included only those in which 
the lesion was situated in the substance of the lung, was 
rounded, and had a fairly well defined border. In none 
were there peripheral obstructive changes, central cavi- 
tation, pleural effusion, or calcification. Fifty-two of 
the lesions exceeded 4.0 cm. in diameter; 21 measured 
3.1 to 4.0 em., 16 were 2.1 to 3 cm., and 5 were 2 cm. or 
less. No lesion less than 1.0 cm. in 
treated by resection 

Seventy-seven of the 94 patients had cytologic ex- 
amination of either sputum or bronchial washings. In 
31 (40 per cent) the examination was positive for cancer 
cells, Bronchoscopy was done in 94, but in only 7 (10 


diameter was 
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per cent) was a positive tissue diagnosis made. 4 
though clinically all the patients were Considered ope. 
able, 9 were found to be inoperable, usually beca oe 
extensive mediastinal metastases ‘ st 
The overall three-year survival rate was 368 ne 
cent. The three-year survival rate for those With . 
cision of all apparent carcinoma was 44.7 per cent Thi 
figure is almost the same as was obtained by Kitkls 
et al. (Surg., Gynec. & Obst. 100: 429, 1955) from th 
same institution following curvative resection for bron. 
chogenic carcinoma, regardless of whether or at’ 
appeared on the roentgenogram as a solitary nodeb 
The absence of involvement of lymph nodes did ie 
appear to alter the prognosis, which is explained on the 
assumption that the distant spread of solitary lesion 
occurs more by vascular pathways than by lymphatic 
There was no significant difference in survival betwee: 
those undergoing pneumonectomy and those with lobe. 
tomy. The survival rate for asymptomatic patients 
was 15 per cent higher than for those with thoracic 
symptoms. Fifty-nine of the 94 had symptoms 
Seventeen complained of hemoptysis. Of these, 4 hai 
lesions less than 4.0cm.in diameter. Six had symptons 
which were attributed to pulmonary osteoarthropath 
in 4 of these bone symptoms were the only complain: 
Ten of the 35 asymptomatic cases were discovered b 
mobile unit survey-type roentgenograms. 
Four tables. MorTIMER R. Camig., M.D 
Brooklyn, N.Y 


Teratoma of the Lung. Fred C. Collier, Edmund 4 
Dowling, Dwight Plott, and Harold Schneider. Arch 
Path. 68: 138-142, August 1959. (University 
Alabama Medical Center, Birmingham 3, Ala.) 

Intrathoracic teratomas are unusual, and an intu- 
pulmonary teratoma is one of the rarities of medicine 
The authors report a case of benign teratoma arising in 
the left upper lobe of the lung in a 46-year-old Neg 
woman, and review 11 other cases from the literature 

The patient had been subject to recurrent hemopty- 
sis for fifteen to twenty years with attacks of increasing 
severity in recent years. Blood loss from the last bout 
of hemoptysis, which led to hospital admission, nece- 
sitated replacement transfusion. Between episode 
the patient had been relatively asymptomatic except 
for a mild chronic productive cough, increased sus- 
ceptibility to upper respiratory infections, and slight 
dyspnea on exertion. 

Bronchoscopy revealed a considerable amount 0 
fresh blood coming from the left upper lobe orifice 
Roentgen examination showed an ovoid, air-containig 
mass, 9 cm. in greatest diameter, in the anteromedid 
left upper chest. The mass was surrounded by ai 
containing lung on all sides except for its medial an 
inferior margins. The medial margin blended with 
the mediastinum and displaced the left main bronchus 
and lower trachea slightly toward the right. The infe- 
rior margin was limited by focal minimal thickening 0! 
the major fissure. Within the cystic mass was 4 larg 
solid ball, filling the greater part of the cavity ait 
appearing to lie almost free within the cavity. Reve" 
of previous films, taken elsewhere, disclosed no change™ 
the lesion over a three-year period. The patient had 
been aware of abnormal radiographic chest findings for 
at least ten years. Radiologic diagnoses consid 
were (1) dermoid cyst communicating with a bronchus: 
(2) bronchogenic cyst, (3) bronchial adenoma with ob- 
struction and secondary cyst formation. 
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Two and a half hours after left upper lobectomy, a 

hemothorax made a second thoracotomy necessary, 
[ this time a small bronchial vein and various areas 
rent pleura were ligated. Twenty-six hours 
operatively, supraventricular tachycardia de- 
veloped, progressing to ventricular fibrillation and 
death. The pathologic diagnosis was benign cystic 


teratoma. : : . ’ 
Six figures, including 2 roentgenograms. 


Progressive Bullous Emphysema: “Vanishing 
Lung.” Ernst Boye. Acta med. scandinav 164: 167 
174, 1959. (Aarhus Amtssygehus, University of Aar- 
hus, Denmark ) ; 

The most common result of chronic bronchopulmo- 
nary disease, such as chronic suppurative conditions, 
pneumoconiosis, and sarcoidosis, is a change in the 
lungs of a proliferative and fibrotic character, giving a 
typical roentgen appearance with an increase in the re- 
ticular pattern or diffuse nodular infiltrations (in addi- 
tion to the changes which may be attributed to the orig- 
inal disease). Bullous emphysema, a diffuse disease of 
thelung with multiple air cavities, pr duces an entirely 
diferent roentgen picture. Here atrophic changes so 
predominate that they have given rise to the term 
vanishing lung.’’ 

Bullous emphysema is often symptomless in the early 
stages and may be discovered quite accidentally on 
roentgen examination. In the interpretation of the 
roentgenograms, the first impression may be unilateral 
pneumothorax or a large lung cyst. Over a large field 
comprising one or more lobes, the pulmonary markings 
may be sparse with very fine shadows of vessels, or 
they may be completely absent. In unilateral cases, 
the contrast between the two lungs in vascular markings 
and filling of the vessels is striking; the pulmonary ar- 
tery is of smaller diameter on the affected side. The 
costophrenic sulci are free, and the mediastinum is not 
displaced. Hilar shadows are often absent. In uni- 
lateral ‘vanishing lung,’’ the heart shadow is normal; 
with bilateral involvement, there may be slight prom- 
inence of the pulmonary arch. In advanced stages, 








the form of the heart resembles that observed in cor ~ 


pulmonale. In some instances bronchography has 
shown perfectly normal filling; in others only the bron- 
chi in the hilar region were demonstrated. Bullous 
emphysema must be differentiated from tuberculous 
cavities; cysts (there may be a fluid level in a cyst, and 
the cyst walls are sharply defined as distinct from 
the fine demarcations of the bullae); pneumothorax; 
senile emphysema; and from bronchial asthma with em- 
physema. 

Four cases of progressive bullous emphysema are re- 
ported. In at least 2 of these, the disease developed 
into the condition termed “vanishing lung.’’ The 
author believes that the administration of antibiotics 
may be a contributing factor in the increasing frequency 
if bullous emphysema in recent years and advises 
against their injudicious use in acute bronchopulmonary 
infections. 

Four roentgenograms. 


Roentgenologic Considerations of Capillary Bron- 
chiolitis. Donald A. Koch. Am. J. Roentgenol. 82: 
433-436, September 1959. (310 E. Water St., Port 
Huron, Mich.) 

Capillary bronchiolitis is an acute clinical syndrome 
Characterized by respiratory distress and emphysema 
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developing in an acute respiratory infection in infants. 
It occurs most commonly during the first six months of 
life and is rare after the age of two. 

The disease is ushered in by a few days of illness with 
an upper respiratory infection with mild constitutional 
symptoms, following which there is an acute clinical 
change characterized by severe respiratory distress with 
labored breathing and possibly cyanosis. The tempera- 
ture is usually less than 100° F. The chest appears 
overexpanded and there is obvious overactivity of the 
respiratory muscles. There may be diffuse rales and 
rhonchi. The breath sounds are diminished. The 
pulse rate is rapid. No specific organism or causative 
agent has been identified so that sputum samples are of 
little diagnostic value. 

Radiographically, the lung fields are hyperaerated 
with increased radiolucency and depression of the 
diaphragmatic leaves. The vascular shadows appear 
stretched and the costophrenic angles are of diminished 
acuity. The heart size is reduced, particularly with 
expiration. In the lateral view, the surface of the dia- 
phragm is depressed in the posterior half of the chest, 
which is often a reversal of normal convexity. The 
anteroposterior diameter of the chest is increased. 
Anteroposterior and lateral projections of the chest 
taken in inspiration and expiration are recommended to 
show these features to the best advantage. 

Four roentgenograms; 1 photomicrograph. 

JouHN W. WItson, M.D. 
Johnstown, Penna. 


Primary Mediastinal Tumors. Joseph Hodge, Gon- 
zales Aponte, and Edward McLaughlin. J. Thoracic 
Surg. 37: 730-744, June 1959. (Hodge Clinic, 3 
Catawba St., Spartanburg, S.C.) 

Seventy-four unselected cases of mediastinal tumor 
were collected from the records, 1942-1956, of the De- 
partments of Surgery and Oncology of the Jefferson 
Medical College and Hospital (Philadelphia, Penna. ). 
The authors review the 42 cases in which the tumor was 
primary in the mediastinum and classify them on the 
basis of pathologic types in specific anatomic locations. 
There were 18 thymomas (4 benign, 14 malignant); 
11 neurogenic tumors (10 benign, 1 malignant); 8 
teratomas and dermoid cysts (benign 2 each; malignant 
2 each); 5 incidental tumors (2 bronchial cysts, 1 
hamartoma, 1 lipoma, 1 pericardial cyst). 

The characteristic clinical, pathologic, and roentgeno- 
logic features of the different types of tumor are de- 
scribed. The variety of malignant thymomas and the 
association of myasthenia gravis with benign thymomas 
are emphasized. 

The roentgen demonstration of a posterior mediastinal 
tumor favors a diagnosis of a neurogenic neoplasm; 
the presence of cartilage, bone, teeth, etc., is indicative 
of teratoid tumor. Lipoma should be considered when 
one finds an hourglass type of opacity in the neck or 
chest wall continuous with an intrathoracic mass. A 
hamartoma may be suspected when roentgenograms 
show a dense mediastinal mass surrounded by normal 
pulmonary tissue and exhibiting sharp lobulated bor- 
ders with areas of calcification 

Thoracotomy with excision of the mediastinal tumor 
was successfully performed in 36 patients; a biopsy of a 
supraclavicular node was carried out in 1; the remain- 
ing 5 patients were not operated upon. 

Five roentgenograms; 5 photomicrographs; 4 
photographs; 5 tables. 








THE HEART AND BLOOD VESSELS 


Acyanotic Tetralogy of Fallot. Theodore E. Keats 
and Jack M. Martt. Am. J. Roentgenol. 82: 417-422, 
September 1959. (University of Missouri School of 
Medicine, Columbia, Mo.) 

This paper reports 4 cases of tetralogy of Fallot. 
Each of the patients was acyanotic and each exhibited 
unusual roentgenographic features, illustrating the var- 
iable manifestations of this type of congenital heart dis- 
ease. 

Patients with tetralogy of Fallot may be acyanotic 
(1) if there is a mild or moderate pulmonic stenosis and a 
small or moderate-sized ventricular septal defect; (2) 
if there is a dominant ventricular septal defect with a 
mild infundibular stenosis which permits a left-to-right 
shunt at the ventricular level, increasing the pulmonary 
blood flow; (3) if there is dominant pulmonic stenosis. 
With right ventricular outflow obstruction and a small 
ventricular septal defect, a right-to-left shunt results 
but is limited by the size of the defect. The incidence 
of acyanotic tetralogy is estimated to be 10 per cent. 

Physiologically the degree of pulmonic stenosis and 
the size of the ventricular septal defect are variable com- 
binations, accounting for the diverse clinical and radio- 
logical picture 

In 2 of the cases reported, the radiographic features 
indicated an isolated interventricular septal defect. 
Catheterization showed a_ substantial left-to-right 
shunt at the ventricular level. A pressure gradient 
across the pulmonic valve confirmed the presence of the 
stenotic lesion. In these cases, the ventricular septal 
defect overbalanced the pulmonic stenosis so that mini- 
mal or no right-to-left shunt resulted. This accounts 
for the lack of cyanosis. In the other 2 cases there 
was no demonstrable left-to-right shunt, indicating that 
the pulmonic stenosis was either of a higher degree or 
the ventricular septal defect was small. In this cir- 
cumstance, it is reasoned that the septal defect does not 
permit a sufficient volume of blood shunting from the 
right to the left side to produce clinical cyanosis. 
This condition is termed a “balanced shunt.’’ In the 
2 demonstrating this pathophysiology, the 
radiographic features were more compatible with pul- 
monic stenosis 

These concepts are important, since tetralogy of Fallot 
must now be considered in the differential diagnosis of 
ucyanotic congenital heart disease. 

Ten roentgenograms; 1 table. 

JOHN W. Witson, M.D. 
Johnstown, Penna. 


cases 


Angiocardiographic Study of Atrial Thrombi with 
Surgical-Pathological Correlation. Harold A. Lyons, 
Murray Strober, John S. McFetridge, and Colin G. 
Caro. J.A.M.A. 170: 1288-1293, July 11, 1959. (450 
Clarkson Ave., Brooklyn 3, N. Y.) 

The incidence of atrial thrombi in mitral heart dis- 
ease has been shown by various observers to be higher 
than in routine postmortem series. In the authors’ 
angiocardiographic studies on 26 consecutive patients 
with rheumatic mitral disease 10 were found to have 
thrombi, confirmed either by surgery or autopsy in 8. 

The basis for the angiographic diagnosis of atrial 
thrombi is a persistent area of poor opacification with 
ill-defined margin and irregular shape. Myxomas and 


ball-valve thrombi have well delineated margins about 
Myxomas are usually 


the area of nonopacification 
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attached to the atrial septal wall, whereas thrombj a. 
usually attached to the posterior atrial wal) Th 
authors used 3 doses of opaque medium for a compe 
angiogram. Views were obtained in the ng 
anterior and left anterior oblique position for ne 
patient. ; 
The incidence of thrombi in this series is 36 per cent 
comparing favorably with the incidence recorded , 
postmortem studies. As an aid to the evaluation j, 
mitrai valvulotomy, angiography provides importay 
and accurate information. In 5 of the cases reports 
successful surgical correction was possible after ¢, 
diagnosis of atrial thrombi by opaque studies. 
Six roentgenograms; 6 diagrams; 1 table. 
D. D. ROSENFELD, MD 
Los Angeles, Calif 


Transspinous Angiography of the Inferior Vena Cay, 
Robert Schobinger. Angiology 10: 144-147, June 193 
(130 W. Kingsbridge Rd., Bronx 68, N. Y.) 

A technically convenient approach for the roentgen 
demonstration of the inferior vena cava and its major 
distal tributaries is presented. The procedure can kk 
carried out rapidly under local anesthesia and requires 
for its execution only a few simple instruments, 4! 
readily available at any hospital. Basically, it folloys 
principles previously outlined for intraosseous venog. 
raphy at various other anatomical levels (see, ¢, 
Angiology 8: 428, 1957. Abst. in Radiology 71: 277, 
1958). Roentgenographic visualization of the inferior 
vena cava can be accomplished by injecting contrast 
medium (Hypaque) at various levels; the best sites for 
this purpose are the distal two or three lumbar spinow 
processes and the upper portion of the midsacral spine 
Representative normal angiograms of the inferior ven 
cava are reproduced. 

Better than average opacification of the inferior vena 
cava was attained in all patients with obstructive dis 
orders of the spinal canal if the injection was made 
below the site of the spinal lesion (spinal cord tumor, 
metastatic carcinoma, herniated intervertebral disk 
syndromes). Conversely, the inferior vena cava could 
not be opacified in 5 patients with cirrhosis of the live 
associated with ascites. In these cases there seemingly 
existed an increased circulation within the epidural veins 
as compared with that in normal persons; the full 
physiopathologice significance and clinical implications 
of this observation must await the accumulation o 
additional data 

Concomitant inferior vena caval angiography an 
excretory urography can easily be performed, by t 
separate injections, the second being carried out after 
an interval of ten to fifteen minutes. 

Four roentgenograms; 1 drawing 


Caval Contrast Radiography. B. J. O’Lougillin 
Arch. Int. Med. 104: 402-405, September 1959. (Unt 
versity of California Medical Center, Los Angeles 24 
Calif.) 

Roentgen visualization of the inferior vena cava has 
been found advantageous in many instances of parti! 
or complete occlusion, as by metastatic tumor, growllg 
thrombi, or benign compression. Indications for sut- 
gery may depend upon knowledge of the condition of the 
vessel and the immediately adjacent areas obtainable by 
contrast radiography * 

In the technic described by the author, the patient's 
prepared as for intravenous urography, the femoral vel! 
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ctured percutaneously, and after withdrawal of 

h venous blood to assure a good tap the injection 
oo (35 per cent iodopyracet) with the patient su- 
a “A film is obtained, the patient is rolled into a 
sien. and the injection is repeated for a lateral 


js pun 


view 
By this means not only has the normal vena cava been 


demonstrated, but many pathological entities have been 


shown 
Fight roentgenograms. 


A Syndrome Featuring Defects of the Heart, Sternum, 
Diaphragm, and Anterior Abdominal Wall. I Hunter 
Crittenden, Forrest H Adams, and Donald G. Mulder. 
Circulation 20: 396-404, September 1959. (University 
of California, Los Angeles, Calif.) 

What is believed to be a distinct syndrome is described 
by the authors and illustrated by 3 case reports from 
their own experience. It comprises midline defects in 
the thoraco-abdominal wall (mesodermal), with dias- 
tasis recti, umbilical hernia, and deficiency of the ster- 
num, as well as dextrocardia and dextroversion of the 
heart, and other cardiac anomalies, of which ventricular 
septal defects are the most couxsistent. Formerly 
such cases have been classified as a form of ectopia 
cordis. 

Plain films demonstrate the dextrocardia and usually 
increased lung vascularity because of the left-to-right 
shunt through the ventricular septal defect often pres- 
ent. Angiocardiography and/or catheterization show 
the position of the ventricles and the septal defect. 
The various defects in the anterior body wall are easily 
diagnosed by physical examination 

Seventeen roentgenograms; 1 photograph. 

Zac F. EnpREss, M.D. 
Pontiac, Mich. 


Report of Two 
Bela Gondos, 


Dissecting Aneurysm of the Aorta. 
Cases Diagnosed by Angiocardiography. 
Charles H.Hunter,and Nina Braunwald. New England 
J. Med. 261: 535-539, Sept. 10, 1959. (District of 
Columbia General Hospital, Washington, D. C.) 

The early diagnosis of dissecting aneurysm of the 
aorta is now of practical importance because of the 
possibility of surgical intervention. The aneurysm is 
usually preceded by hypertension and the most impor- 
tant finding is degeneration of the media. There is a 
transverse tear in the intima usually just above the 
aortic valve or in the area of the left subclavian artery, 
and the dissection occurs in the media and extends dis- 
ually. The patient experiences an agonizing thoracic 
and abdominal pain, and, depending upon the inter- 
ference with the blood supply, many different symptoms 
may ensue. The differential diagnosis includes myo- 
cardial infarction, pulmonary embolism, spontaneous 
pneumothorax, and various abdominal conditions. 
Routine roentgenography usually shows evidence of 
lypertensive cardiovascular disease manifested by en- 
agement of the heart and elongation and dilatation of 
* aorta. The widening of the aortic wall is not or- 
ay demonstrable, but if films are available from 
selore the dissection an increase in the aortic width may 
veseen. Occasionally, intimal calcification will mark the 
liner wall of the aorta and the distance between this and 
te outer contour will give its width. The normal 
thickness is15to2.5mm. A width of approximately 
“eM, suggests a dissection. 

Angiocardiography can provide a positive diagnosis. 
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Two abnormalities may be noted: an irregular narrow- 
ing of the main aortic channel and an increase in dis- 
tance between this and the external wall of the aorta. 
Less commonly, the false channel is demonstrated by 
the opaque material. 

Two cases are 1reported in which angiocardiography 
was performed. In the first instance the aortic lumen 
was smooth and a soft-tissue shadow approximately 1.0 
cm. in width was noted parallel and adjacent to the 
opaque column in the descending aorta. This was con- 
firmed as a dissecting aneurysm at subsequent surgery. 
In the second case the aortic lumen was markedly nar- 
rowed starting at the brachiocephalic level and descend- 
ing to the diaphragm. The wall of the aorta, repre- 
sented by a less dense shadow than the column of 
opaque material, was thought to be obviously thickened 
and was considered to represent a dissecting aneurysm. 
Surgery was not done and no confirmation was obtained. 
A later roentgenogram revealed a decrease in the width 
of the aortic shadow and it was believed that this self 
cure was caused by the dissected false channel having 
re-entered the lumen at a lower level. 

The rationale of surgery is to prevent ultimate rup- 
ture of the outer wall. This is done by decompressing 
the dissected portion of the aorta by creating an artifi- 
cial re-entry channel. De Bakey and his associates have 
devised an operation whereby a window is cut in the 
proximal end of the aorta and the intima and adventitia 
are sewed together distally, thus closing off the outer 
dissected passage. 

Five roentgenograms. 

MorrTIMerR R. CAMIEL, M.D. 
Brooklyn, N. Y. 


Thoracic Aortography Versus Levoangiocardiography. 
A. Castellanos, Otto Garcia, Eloina Gonzalez, and 


Raul Pereiras. Am. J. Roentgenol. 82: 403-416, 
September 1959. (23 No. 1.107, Vedado, Habana, 
Cuba) 


’ 


The term ‘‘dextro-angiocardiography”’ refers to the 
injection of radiopaque material via a peripheral vein, 


_ for visualization of the right chambers of the heart and 


the pulmonary artery and its branches. Leaving these 
vessels, the radiopaque substance is distributed through- 
out the pulmonary network, and later returns through 
the pulmonary vein to the left chambers of the heart, 
the aorta, and its branches. This second phase is called 
the ‘‘levo-angiocardiogram.”’ 

Although in some congenital or acquired lesions of the 
aorta levoangiocardiography yields sufficient anatomic 
information, in other cases thoracic aortography will 
be necessary. If the aorta arises from the left ventricle, 
it has less radiodensity in the levo-angiocardiogram 
than the pulmonary artery, because of dilution of the 
contrast material with blood. Selective angiocardi- 
ography, with injection directly into a heart chamber 
will improve the density. With a left-to-right shunt 
through a ventricular septal defect, some contrast me- 
dium passes into the right heart and the pulmonary ar- 
tery, resulting in a lesser opacification of the aorta. In 
cases in which the aorta overrides the interventricular 
septum or when it arises completely from the right ven- 
tricle, its opacification will be very intense in the dextro- 
angiocardiogram. With direct aortic injection, either by 
the retrograde method or by a catheter introduced into 
a peripheral artery up to the aortic arch, the density of 
the aorta and its branches may be so marked as to ren- 
der possible its distinction from the right and left 
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cardiac chambers. For this reason, in many cases 
thoracic aortography provides anatomic details that 
can hardly be obtained on the levo-angiocardiogram 
For thoracic aortography, the authors prefer to use the 
left humeral artery or the left common carotid artery, 
the former in infants of less than a year. The most 
advantageous positions for the diagnosis of patent 
ductus arteriosus and coarctation of the aorta are the 
left anterior oblique and the lateral. In the frontal 
position a left subclavian artery arising directly from 
the aorta to the left side of the midline can best be di- 
The frontal and lateral positions are also use 
aneurysm of the 


agnosed 
ful in the differential diagnosis of: 
aortic arch and descending aorta; mediastinal tumors; 
aneurysms of the sinuses of Valsalva; and incompetency 
or insufficiency of the aortic valves. Cinefluorography 
is the ideal method for thoracic aortography, but a 
rapid film-changer making possible four to six exposures 
per second is usually adequate. 

For levo-angiocardiography, to obtain good opacifica- 
tion of the left heart chambers and aorta, the contrast 
medium should be injected within one second, and 
should be adequate in amount and concentration. The 
amount should be at least 1.5 c.c. per kilogram of body 
weight per second. A concentration of 70 per cent is 
preferred, but with the disodic triiodo compounds the 
In patients over six to eight years 
a selector is recom- 


ideal is 90 per cent 
iid, the use of a seriograph with 
mended. Two or three roentgenograms only are made 
in the dextro phase, with four or six rapid exposures per 
second in the levo phase, according to the need. 

This paper is based largely on the use of intravenous 
angiocardiography and thoracic aortography in a chil- 
dren’s hospital, and many cardiovascular anomalies are 
Excellent illustrations and diagrams of the 
Che interested reader is referred 


discussed 
findings are provided 
to the original paper for study 

The authors conclude that the indications for thoracic 
sortography include two groups of cases: those requir- 
ing the use of levo-angiocardiography and congenital 
x acquired lesions which can be diagnosed only from 
the aortogram rhe procedure is of greatest value in 
coarctation of the aorta, yielding considerably more in- 
can be obtained through levo-angio- 


formation than 


especially in infants 
Eighteen roentgenograms; 2 

JouHN P 
Northwestern University 


cardiography, 
tables 

ForopouLos, M.D 
Medical School 


Congenital Absence of Right Pulmonary Artery with 
Patent Ductus Arteriosus and Auricular Septal Defect. 
Angiocardiographic Diagnosis. Giulio Tori and Gian 
Radiol. clin. 28: 228-250, July 1959 


Radiology Institute of 


franco Garusi 


(In English Bologna Univer 


ity, Bologna, Italy 


Congenital absence of a pulmonary artery ts of much 


more frequent cecurrence than was thought in the past 


lo the present time probably SU cases have been pub 


lished in the world literature. The anomaly may ap 


pear by itself or in association with other defects, as 


patent ductus arteriosus, coarctation of the aorta, of 


tetralogy of Fallot Phe authors report a case of ab 


ence of the right pulmonary artery with a patent ductus 


mid a probable tnteratrial septal detect 


On the plaim postero-anterior film, absence of a pul 


monary artery may be suspected trom mereased radio 


lucency of the lung on the side of the anomaly and de 


creased vascularity as compared to the opposite side 


ABSTRACTS OF CURRENT LITERATURE 


July jx 


The hemithorax also appears smaller, the ribs ATE Closer 
to one another, and the diaphragm is elevated TY, 
heart may be displaced toward the affected side 

Electrocardiograms may be normal or May indicat 
hypertrophy of the right ventricle, especially in ¢ 
of Fallot. 


Few cardiac catheterization studies have been ie 


presence of an associated tetralogy 


In cases with multiple anomalies increased right yer 
tricular pressures have been found 
Angiocardiography offers the best means of obtaipin 
a diagnosis and ascertaining the presence of associated 
cardiovascular defects. The majority of the me: 
recently reported cases have been diagnosed by + 
means 
Many authors have observed good secondary comp 
satory circulation to the affected lung Blalock a 
others have reported cases with a large vessel arisin; 
from the subclavian artery to supply the left lung : 
other instances the supply has been maintained } 
large arterial branch arising from the ascending aor 
In one case of absence of the left pulmonary arter 
branch from the right pulmonary served this purpose 
Respiratory function 
capacity of the lung on the affected side to be reduced 
In the authors’ case, 
to allow an exact clinical diagnosis, and the conventio; 
roentgenogram offered only an orientation due tot 
higher transparency of the right hemithorax and 
l shadow. It remained { 
define exactly the complicate 
inomaly TI 
the right pulmonary artery buta 


studies have shown the vit 


the symptoms were not such 


corresponding fine hilar 
ingiocardiography to 
ind unusual vascular 
not only absence of 
1 patent ductus arteriosus measuring nearly 1.5 em i 


lis procedure show 


diameter and bringing a large amount of contrat 
medinm to the descending aorta. An interauricul 
defect was alsoevident. Roentgenkymography den 
strated the difference in pulsations on 

In cases of isolated of a pulmonary arter 
where no clinical symptoms exist and the gener 
condition of the patient is good, surgery is not indicate 


the two sides 


ibsence 


In other cases, such as the one reported here, where: 
patent ductus arteriosus may cause pulmonary hype 
tension and a right ventricular load, one may consitet 
tying off the ductus to avoid cardiac failure or a pnet 
monectomy to control hemoptysis 
Eleven roentgen: ums; S diagrams; 1 electrocard 

Itona D. Scott, MI 


Lewisburg, W. Va 


gram 


Pulmonic Stenosis Due to Compression of the Pu 
monary Artery by an Intrapericardial Tumor. John A 
Waldhausen, Carlos R. Lombardo, and Andrew 
Morrow | 37: 679-686, May 195 

National Heart Institute, Bethesda, Md 
percentage of mediastins 


Thoracic Surg 


Although a sigmificant 
tumors arise within the pericardial space, only rare 
does their presence cause impairment of cardiac func 
tion. When this does occur, it is usually attributable! 
impaired diastolic fillmg from generalized compressitt 
the heart by the infiltrated pericardium or from 
diac tamponade due to fluid accumulation Un 
rarely has obstruction to nght ventricular outflow 
described in association with an intrapericardial mas 

Che authors report the case of a 23-year-old mat | 
whom a primary mesothelioma of the pericardium co 
pressed the pulmonary artery and produced the physi! 
findings of obstruction to right ventricular outtlos 
between the ventricle and P 


A pressure gradient 
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Hg was demonstrated at 


artery of 47 mm 
The patient’s initial history 


~ catheterization 
yper respiratory infection with fever, 
and electrocardiographie evidence of 





associated 





sh radiographic 
-arditis, suggested a localized abscess or collection 
Che possibility 


‘ 





‘Je fluid as the nature of the mass 
urysm of the pulmonary artery o1 
elective right ventricular 


ne aorta was 
nsidered. A 


, demonstrated the extrinsic character of the 


angio 





iunatomiec relations Following 


the svstolic murmur and thrill 


rctruction and its 

; f the tumor, 

longer evident 

e roentgenograms, 
1 electrocardiogram 


l photomi ro 





2 photographs; 





Hereditary Hemorrhagic Telangiectasia and Pul- 

Arteriovenous Fistula. Survey of a Large 

— Corrin H. Hodgson, Howard B. Burchell, 
Good, and O. Theron Clagett New England 

261: 625-636, Sept. 24, 1959. (Mayo Clinic, 

sr, Minn 

hemorrhagic telangiectasia (Rendu-Osletr 


monary 








ase) is a congenital vascular disease mani 





sted by the formation of localized arteriovenous capil 


r nnections that are really tiny arteriovenous 


The disease is transmitted by a simple dom 












ind may skip individuals but probably 


racter 








en generation. Groups of tiny ruby lesions 
n externally on the face, 
skin, and nailbeds 
nal organs, producing hemoptysis, gastroin 
eding, hematuria, and cerebral hemorrhage 
¥ eal a thirty-one members of a family with 
ase were studied and 39.4 per cent were found 
ed. Among these were some who suffered 
ant complications, such as bleeding and 
rhances of the central nervous system 

urteen of the 231 members of the family were 
nd to have pulmonary arteriovenous fistulas ge 
ce ier 6.1 per cent of the group studied, 

it of those having telangiectasis. In 6 
é fistula was productive of symptoms 

y arteriovenous fistula is a serious part of a 


nasal and buccal mem 
They may occur also 








It may cause distress- 
or may 


ascular dysplasia 
ms, May require surgical removal, 

life of the patient 
rs of families known to have hereditary 
is should have periodic x-ray studies of the 
ix in a search for fistula whether or not they have 
mptoms. By means of conventional roentgenograms, 
noscopy, tomograms, or angiocardiograms, a 

an be made in nearly all cases 
f the fistula is usually seen in the frontal 
igh occasionally it may be hidden 
low of the heart or diaphragm. In a 
hich multiple tiny fistulas are present, no 
is evident on the roentgenogram. The 
3 produced by the fistulas vary in size and shape 
may be round or lobulated, and they may be 
Usually they are of homogeneous density 
Examination in two 



















well circumscribed 
tows that the lesion is within the paren 
lung, but often close to a pleural surface 
ge vessels can be seen connecting the 
Evidence of calcification is seldom 
ough it has been reported 
“luoroseopic bservation discloses 
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resent, th 


pulsation of the 


wa and tts vascular connections in more than half 
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the cases. In addition, the size of the shadow may 
with changes in intrathoracic pressure. For 
example, with the Miiller maneuver (deep inspiration 
against the closed glottis) the size of the fistula may be 
On the other hand, with the Valsalva 
maneuver (expiration closed glottis) the 
shadow of the fistula may become smaller 

Tomography helps demonstrate the vessels that lead 
to and from the hilus; it also helps identify multiple 
and it may demonstrate the cir 


change 


seen to increase 
against the 


lesions, oid character of 


the lesion. Venous angiocardiography will be diagnos 
tic in all but a few cases, such as those with minute 


telangiectases. Serial films will show the medium enter 


ing the afferent vessel, filling the fistula, and returning 
to the heart by means of the efferent vessel 

Right roentgenograms; 5 photographs; 2 charts; 2 
tables Mortimer R. Camtgeit, M.D) 


Brookly h, N. Y 


Abnormal Congenital Fistulous Communications of 
the Coronary Arteries. Guido Currarino, Frederic N 
Silverman, and Benjamin H. Landing. Am. J. Roent- 
genol. 82: 392-402, September 1959. (Children’s 
Hospital, Cincinnati 29, Ohio) 

This paper reports 3 instances of congenital 
fistulous communications between a coronary artery 
and a cardiac chamber and reviews this group of de- 
velopmental anomalies In 1 of the authors’ cases, a 
fistulous communication between an enlarged right 
coronary artery and the right ventricle was demon- 
strated by retrograde aortography. The second case 
was that of an infant who, at autopsy, showed an en- 
larged supernumerary aortic coronary artery emptying 
freely into the right atrium. In the third case autopsy 
revealed a congenital atresia of the pulmonary artery 
orifice with intact ventricular septum and an enlarged 
right coronary artery which communicated freely with 
the lumen of the right ventricle. 

Abnormal communications involving the coronary 
arteries consist of a gross fistulous connection between 
the main coronary artery, or one of its branches, and 
(1) structures outside the heart, (2) the main pulmonary 
artery, (3) another coronary artery, (4) a coronary 
vein or the coronary sinus, or (5) a cardiac chamber. 
The coronary artery involved may be one of the two 
normal vessels or a supernumerary artery originating 
from the aorta or the pulmonary artery. The nature of 
these malformations is not certain but, since micro- 
scopic anastomotic channels normally connect the cor- 
onary arteries with all the structures mentioned above 
it is possible that they are the result of dilatation of nor- 
mal channels rather than anomalies which have de- 
veloped ex novo. 

The literature is reviewed and some aspects of the 
various types of communications are discussed. 

The clinical findings in congenital coronary fistulas 
are described. Roentgenographically, the cardiac 
silhouette is normal in many cases. Cardiomegaly, 
enlargement of the main pulmonary artery, prominence 
of the intrapulmonary vasculature, and “hilar dance” 
have been noted in some instances. The presence of a 
large coronary artery aneurysm may be suspected from 
the roentgenographie study or at fluoroscopy. Cardiac 
catheterization is of limited value, as in general it is not 
possible by this method to distinguish the shunt pro- 
duced by a coronary fistula from other types of shunt 
The anomaly can be demonstrated by angiocardi- 
ography and by retrograde aortography 
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The prognosis is generally fairly good, in contradis- 
tinction to the prognosis in a case of a fistula produced 
by the rupture of an aortic sinus of Valsalva. Many of 
the patients are asymptomatic. Death could be at- 
tributed to the lesion only in a few subjects. Dis- 
appearance or improvement of the signs and symptoms 
following surgical correction has been reported. The 
operation consists of ligation and sometimes also of 
division of the fistula, after it has been ascertained that 
no untoward effect results from temporary digital 


occlusion of the abnormal channel. 

1 photograph; 2 diagrams; 
Joun P. Fotopoutos, M.D. 
Northwestern University Medical School 


Seven roentgenograms; 
1 table. 


Successful Repair of Sinus of Valsalva-Left Atrial 
Fistula. Jerome Harold Kay, Robert M. Anderson, 
Reuben R. Lewis, and Martin Reinberg. Circulation 
20: 427-429, September 1959. (University of Southern 
California School of Medicine, Los Angeles, Calif.) 

What is believed to be the first case of a fistula re- 
sulting from rupture of a sinus of Valsalva into the left 
atrium is reported. The fistula was closed surgically 
by open heart surgery, with use of a heart-lung appa- 
ratus. 

The patient was a woman of thirty-nine complaining 
of weakness, episodes of faintness, and exertional 
dyspnea. Plain films showed a 6-cm. mass continuous 
with the posterolateral aspect of the heart. Heart 
catheterization and angiocardiography failed to deter- 
mine if the mass was intra- or extracardiac. Explora- 
tory thoractomy was done in anticipation of finding an 
extracardiac tumor but the mass was found to be in 
the left atrium. The incision was closed until the 
heart-lung apparatus could be used. At the second 
operation, about seven weeks after the first, the mass 
was found to be an intramural false aneurysm communi- 
cating with a sinus of Valsalva by a 7-mm. opening and 
with the left atrium by several minute openings. 
Successful closure was done, with relief of symptoms 
and return of the cardiac shadow to normal 

Two roentgenograms; 1 diagram 

Zac F. ENpreEss, M.D. 
Pontiac, Mich. 


The Effect of Arteriovenous Fistulae on the Vascular 
Pattern of the Femora of Immature Dogs. A Micro- 
angiographic Study. Patrick J. Kelly, Joseph M 
Janes, and Lowell F. A. Peterson. J. Bone & Joint 
Surg. 41-A: 1101-1108, September 1959. (Mayo 
Clinic, Rochester, Minn.) 

The fact that an arteriovenous fistula would increase 
bone length was first noted in 1870 by Broca. Subse- 
quent investigations have related this increased growth 
to the increased blood supply resulting from the fistula 
formation. 

In the present study an arteriovenous fistula was 
established in one hind limb of each of 16 immature 
dogs (before epiphyseal closure) with the opposite hind 
limb serving as the control. The dogs were observed 
for nine to fifteen months before being killed. Twelve 
had successful, well functioning fistulas. One month 
following surgical formation of the fistula and one 
month before the animal was killed, temperatures were 
recorded from the surface of the femur at the greater 
trochanter, at the middle of the shaft, and near the 
femoral condyle by means of thermistors mounted in 


needles. Specimens were prepared for microangio- 
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graphic study by means of injection of a Suspension 

barium sulphate in gelatin. Gross arteriograms of th 
abdomen and both hindquarters were obtained belin 
removing the femurs and tibias. The fistulas ye, 
then carefully dissected and their diameters Measure 
The bones were sectioned and approximately 1) 
microangiograms were obtained in the 16 animal 

Three definite changes occur in the limb of a dog wih 
a well functioning fistula in the hind limb: “ 

1. Elevation of the temperature on the surface aul 
in the intramedullary portion of bone 

2. Lengthening of the femur 

3. A definite alteration in the blood supply of the 
femur as indicated by microangiograms. 

The microangiographic findings include: 

1. Hypervascularity (more filled vessels than 
the control side) of the small vessels, including capil 
laries of the medullary portion of the femur 

2. Increase in the cortical and periosteal blood sup. 
ply, particularly in the posterior distal half of ti 
femur and in the region of the distal femoral epiphyss 

3. In some animals a degree of dilatation of the 
individual vessels. 

Two arteriograms; 9 microangiograms: 4 photo. 
micrographs; 1 drawing JouN F. Rresser, MI 

Springfield, Ohi 


The Identification and Quantification of Left-t. 
Right Circulatory Shunts. A New Diagnostic Methei 
Utilizing the Inhalation of a Radioactive Gas, Kr. 
Richard J. Sanders and Andrew G. Morrow. Am.| 
Med. 26: 508-516, April 1959. (National Heart In 
stitute, Bethesda, Md.) 

A method for the detection, localization, and quanti 
fication of left-to-right circulatory shunts by the inhak:- 
tion of an inert radioactive gas, Kr*, is described. | 
the course of cardiac catheterization patients inhale tx 
gas for thirty seconds, during which integrated blo 
samples are drawn simultaneously from a system 
artery and a right heart chamber or the pulmonary a 
tery. A total of 125 Kr tests were performed in § 
patients. This number included 69 tests in patient: 
with proved shunts and 56 ‘“‘control’’ tests in 45 patient: 
with rheumatic heart disease or congenital heart diseax 
without left-to-right shunts. 

In the ‘‘control” tests, the radioactivity of the pu: 
monary arterial or right heart sample was always les 
than 15 per cent of that in the systemic arterial sample 
Among the 69 tests performed in patients with prove 
shunts, the ratio exceeded 20 per cent in all but 6 
stances, when it was between 15 and 20 per cet! 
The magnitude of the shunt could also be estimated 
comparing pulmonary and_ systemic arteriovendus 
differences in Kr® content. 

In all patients N.O tests were performed in the samt 
chambers in which K® tests were carried out; © 
patients with shunts, determinations of blood oxyge? 
content were also made. In every instance the rests 
of the Kr and N.O tests were comparable and both 
methods were superior in diagnostic accuracy to % 
imetry. With the Kr® test, shunts resulting in pt 
monary-to-systemic flow ratios of 1.1:1 could be uti 
formly detected. The Kr® content of blood samp 
was determined with a Geiger counter and the results tl 
the test were available within a few minutes. The Kr 
test thus combines the accuracy of the N20 test with 
simple and rapid technic of analysis. 

Seven figures. 
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Gastrointestinal Radiology. F. E. Templeton. Am. 

1. Digest. Dis. 4: 661 681, September 1959. (48: 
\edical-Dental Bldg., Seattle 1, Wash.) 
This paper is a review of the progress in radiology of 
the digestive system 1n the past twenty-five years. In 
respect to equipment and technic, the author considers 
the most significant advance to have been the use of the 
spot machine as an adjunct to fluoroscopy. He men- 
tions also photoelectric timers and their importance for 
satisfactory spot-filming. . . 

Rapid serial filming and motion pictures are re- 
lated developments which have come to the fore in the 
oust ten vears. Rapid film-changing devices have made 
sossible a study of the motions of the esophagus and 
the act of swallowing. Image intensification, intro- 
iuced in 1948, has added greatly to the value of motion 
pictures as a teaching method. Recently the intensi- 
fed image has been projected through closed television, 
ind the televised image has been recorded on tape as 
well as on film 

Higher kilovoltages (up to 150 kv) have become avail- 
ble in diagnostic equipment, but the author is not 

nvinced that these will displace good spot fluoroscopy 
nd double-contrast procedures. 

Contrast media have shown less improvement than 
recording methods. Barium is still the standby, but 
the introduction of suspensory agents and mucosal 
irritants have improved examination of the small in- 
testine and colon. Numerous oral contrast media have 
een introduced for demonstration of the gallbladder, 
their chief advantage being the modification of unpleas- 
nt side-effects. The use of an intravenous prepara- 
tion for visualization of the bile ducts is a more signifi- 
sant advance 

No agent has been developed for successful visualiza- 
tion of the pancreas. Thorotrast, used twenty-five 
ears ago to show the liver and the spleen, is no longer 
accepted, because of its radioactivity. Splenoportog- 
raphy with water-soluble media is valuable for study- 
ng the causes of portal hypertension and for demon- 

ng esophageal varices. 

Water-soluble preparations are also injected directly 
into the gallbladder and biliary ducts at peritoneoscopy 

i during surgery for exploration of the ducts. In- 
ections of the common ducts made through the ‘‘A- 
tube” after the patient leaves the operating room per- 
mit the ducts and the retained stones to be shown 


ee 8 


Certain drugs have come into use as adjuncts to 


radiographic diagnosis. Probanthine has been found to 
ecrease the irritability of the duodenal bulb, but it also 
uses gastric retention. Morphine contracts the 
sphincter of Oddi and holds the contrast medium in the 

mmon ducts. Urecholine speeds the passage of 

‘lum through the small intestine. 

Having considered the technical aspects indicated 
Dove, the author turns to some of the newer knowledge 
‘tat has gradually accumulated over the past quarter of 
‘century. This he summarizes under the headings 
udies in Deglutition, Studies in Esophageal Motility 
and Structure, Cardiospasm, Lesions of the Esophagus, 
“sions of the Stomach and Intestines. For his ob 
‘rvations in these fields the reader is referred to the 
nginal paper. 

The great advance in the examination of the small 
utestine from the technical standpoint is the introduc- 


appears 2 to 3 cm. higher on esophagoscopy 


tion of barium through an intubation tube. Patterns 
formed by the small intestinal mucosa are studied ex- 
tensively by this technic. A variety of conditions 
cause similar patterns, such as vitamin deficiencies, 
sprue, Whipple’s disease, malabsorption syndrome, and 
even certain psychological states. The folds are 
coarse, rough, and sometimes jagged compared to the 
even, lace-like pattern of the normal mucosa. Often 
the barium pools or becomes segmented. 

Dr. Templeton believes that in the future roentgeno- 
logical methods will play an even more importint role 
in the study of the gastrointestinal tract, for the science 
of radiology is a technical process used to study physi- 
ology, pathology and anatomy 

JouN P. Fotopoutos, M.D. 
Northwestern University Medical School 


A Preliminary Statistical Survey of Carcinoma of the 
Oesophagus in the African with Special Reference to 
Acquired Oesophageal Fistulae. Joseph Katz and 
George Cohen. South African M. J. 33: 773-775, 
Sept. 12, 1959. (Non-European Hospital, Johannes- 
burg, Union of South Africa) 

The authors had seen 120 cases of esophageal car- 
cinoma at the Johannesburg Non-European Hospital 
from 1955 to the time of this report. Of these cases, 10 
were in females, a proportional incidence considerably 
less than that in other surveys. The difference, it is 
said ‘‘may well be the result of a greater consumption of 
carcinogen-containing alcoholic beverages by the 
African male.” 

Adequate esophagoscopic records of the esophageal 
site were available in only 50 cases. The mass pre- 
sented in the upper third in 13 (26 per cent) of these, in 
the middle third in 32 (64 per cent); in the lower third 
in 5 (10 per cent). Radiologically the statistics in a 
series of 29 unselected consecutive cases examined in 
1957 showed 11.5 per cent in the upper third; 77 per 
cent in the middle third; 11.5 per cent in the lower 
third. The difference in percentage of levels between 
the two procedures may be due to the fact that the lesion 
The 
preponderance of carcinoma at the level of the middle 
third in the present series (as opposed to the lower 
third in such series as that of Shanks and Kerley: A 
Text-Book of X-Ray Diagnosis. Philadelphia, W. B. 
Saunders Co. 1950, 2d ed.) suggests the possibility of a 
different etiological factor, which may well be, as 
mentioned earlier, a carcinogen-containing drink. 

Of the 29 cases studied roentgenologically in 1957, 
fistulas were present in 13, the direction being into the 
mediastinum in 6 (46 per cent); into the respiratory 
tree in 5 (38 per cent); into a pleural cavity in 2 (15 
per cent). All but 3 of these fistulas were attributable 
to the growth. Only 1 patient presented with the 
severe fulminating symptoms that other authors have 
noted in similar cases. The expected evidence of gan- 
grenous pneumonitis and mediastinitis was absent. 

Three case reports are given with accompanying 
roentgenograms: one each of an esophagopleural, an 
esophagobronchial, and an esophagomediastinal fistula 


Carcinosarcoma of the Oesophagus. C.J. B. Muller 
South African M. J. 33: 775-777, Sept. 12, 1959. 
(University of Stellenbosch, Stellenbosch, Union of 
South Africa) 

In the course of 12,000 barium-meal examinations in 
white and nonwhite patients, the author has encountered 
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only 1 case of sarcoma of any type in the esophagus. 
The patient was a 45-year-old Negro male who was re- 
ferred for difficulty in swallowing and a sensation of 
obstruction in the middle of the chest of one month dura- 
tion. The roentgen appearance was of special interest 
as an intramural, extramucosal origin of the tumor was 
suggested by four features: a cupola effect with sharply 
defined margins above and below; distention of the 
esophagus, with absence of the mucosal pattern; a 
smear effect resulting in a web-like pattern as barium 
passed over the tumor; constancy of shape on respira- 
tion, unlike a cystic tumor. The short duration of the 
symptoms indicated a malignant process, but the ab- 
sence of ulceration and irregularity of contour were 
quite unlike carcinoma. 

The patient died on the twelfth postoperative day. 
The pathological report described ‘‘a large greyish 
tumour 10 cm. in diameter, which appeared to be a 
carcinosarcoma consisting of a squamous-cell carcinoma 
and a spindle-cell sarcoma filling the esophagus.”’ 

It is impossible to make a diagnosis of carcinosarcoma 
solely on the basis of the roentgen findings. Myomas 
and other sarcomas, as melanosarcoma and leiomyo- 
sarcoma, may also present as extramucosal lesions, ex- 
hibiting sharply defined rounded defects, some with 
ulceration. With a short clinical history, the diagnosis 
of sarcoma is a reasonable certainty. 

Two roentgenograms. 


Cineroentgenographic Studies of Gastrointestinal 
Motility in Healthy Subjects and in Patients with 
Gastric or Duodenal Ulcer, with Special Reference to 
Various Methods of Gastrectomy and the Dumping 
Syndrome. S.-O. Liljedahl, O. Mattsson, B. Pernow, 
and S. Wallensten. Acta chir. scandinav. 117: 206- 
214,1959. (Karolinska Institutet, Stockholm, Sweden) 

Using the cineroentgenographic technic with the 
image amplifier, the authors studied the motility pat- 
tern cf the stomach, duodenum, and small intestine in 
patients who had undergone various types of gastrec- 
tomy, and compared the results with those in healthy 
persons without gastrointestinal complaints. Atten- 
tion was focused particularly on patients with the so- 
called dumping syndrome after partial gastrectomy by 
the Billroth II method. The material consisted of 22 
patients with gastric or duodenal ulcer—3 nonoperated, 
5 after partial gastrectomy by the Billroth I method, 
14 (7 asymptomatic, 7 with the dumping syndrome) 
after Billroth II gastrectomy; 2 patients who had under- 
gone total gastrectomy for carcinoma of the stomach; 
6 normal persons 

After partial gastrectomy by the Billroth I method, 
the motility pattern in the stomach remnant was found, 
in all essentials, to resemble that in healthy persons. 
Thus, motility was sparse in the body of the stomach, 
whereas, deep waves of contraction were observed in the 
caudal part (corresponding to the gastric canal). In 
the gastroduodenostomy region, a pyloric mechanism 
had developed, in which the part of the duodenum in- 
cluded in the anastomosis acted as a sphincter. Anti- 
peristaltic movements in addition to normal peristalsis 
were visible in the duodenum. A similar motility 
pattern was observed in patients in whom Billroth I 
gastrectomy had been complemented by vagotomy 

In most of the patients who had undergone partial 
gastrectomy by the Billroth II method, the barium 
suspension was seen to pass through the stomach with 
great rapidity. Only in patients with antecoelic gas 
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troenterostomy was there some retention of the Mediyn 
in the stomach remnant. No definite difference ob 
be detected between patients with and Without the 
dumping syndrome as far as passage through the ston 
ach was concerned. When the contrast mediyy 
reached the small intestine, however, peristalsis ~ 
considerably livelier in the patients with dumping ther 
in those who were asymptomatic. : 

Four patients with the dumping syndrome Were 12. 
operated upon; in 3, the Billroth I method was tel 
and in the fourth von Haberer’s modification of tj 
procedure. Examination one to two months later 
showed emptying to take place with considerably je; 
precipitation than before re-operation. The contr 
medium passed through the small intestine at an wi. 
nary rate, except in 1 case, in which passage was appar. 
ently more rapid than normal. 

Fifty-six cineroentgenograms; 1 table 


The Prepyloric Septum: 
Thompson Rowling. Brit. 
September 1959. (The 
England) 

The prepyloric septum is a rare congenital anom, 
presenting characteristic anatomical, clinical, and rad. 
graphic appearances permitting exact diagnosis. 4 
thin diaphragm, consisting wholly of mucosa and cm. 
taining neither muscle nor fibrous tissue, is found appru- 
imately 2 cm. proximal to the pylorus. A small on. 
fice, 2 to 3 mm. in diameter, is present in the diaphragm 
usually situated to one side of its center, the edge bein; 
soft and free from fibrosis, but of sufficient strength t 
resist dilatation. A review of the literature shows! 
previously recorded cases in infants and 5 in adults 
these are briefly summarized. It is suggested that the 
condition represents a partial persistence of the epithe 
lial occlusion stage characteristic of early gut develo- 
ment during embryonic growth. 

The most common clinical feature as exhibited 
adults is vomiting, frequently rather effortless, with 
little or no pain and no bleeding. 

The radiographic appearance is pathognomonic 
The septum is outlined as a thin, knife-like, constatt 
filling defect of a truly linear nature occurring in the 
pre-pyloric region and unassociated with disturbances! 
peristalsis. The small segment of antrum distal to tie 
septum can be readily filled despite the usually minut 
opening through the septum. 

Treatment is surgical; simple excision of the septum 
will suffice. Most cases reported previously have bee 
managed by partial gastrectomy or other major prot 
dures but the author feels that these are unmecessd) 
provided the nature of the lesion is recognized. 

Two cases are reported. The first patient was 4 
white male of unstated age with a twelve-year history“ 
intermittent vomiting, abdominal discomfort, at 
ulcer-like symptoms. The lesion was not recogulzt 
at radiologic study, presumably because of the close 
than usual association with the pylorus. Excision“ 
the septum resulted in complete cure 

The second patient, a 68-year-old white male, gave 
eighteen-year history of sporadic episodes of vomtiti 
and epigastric pain, prone to follow eating of rial 
foods. In this instance the lesion was recognlzt 
radiologically, although it was thought to be associate” 
with gastric ulcer and scarring, which were not fount 
at subsequent surgery. Partial gastrectomy Was fo 
lowed by uneventful recovery. 


A Rare Anomaly, | 
J. Surg. 47: 162-14 
Royal Hospital, Sheff; 
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. hotomicrograph; 2 dia- 
roentgenograin “| l p 2 
- James W. Barser, M.D. 
Cheyenne, Wyo. 


grams 


s Anemia and Gastric Carcinoma. M. 
Tapiovaara. Acta med. 
1959. (Maria Hospital, 


Perniciou: 
Giurala, E. Eramaa, and J. 
scandinav 164: 431-436, 
Helsinki, Finland ) eae ; 

In an investigation of the incidence of gastric car- 
cinoma in pernicic yus-anemia patients and their relatives, 
69 patients with pernicious anemia treated during 1957 
in the hematological outpatient department of the 
Maria Hospital, Helsinki, were studied by the following 
procedures: X-ray examination of the stomach, gastros- 
copy, gastric biopsy, histamine test, uropepsin excre- 
tion, and Schilling test Three control series were also 
examined. 

All 69 patients had macrocytic, hyperchromic, and 
megaloblastic anemia at the time the diagnosis of 
pernicious anemia was made, and all responded ade- 
quately to treatment with vitamin By. All had his- 
tamine achlorhydria. 

The incidence of gastric carcinoma in the total per- 
nicious-anemia series was 7.5 per cent; in those patients 
ver sixty years of age it was 9.8 per cent. This inci- 
‘ence was significantly higher than the frequency of 

tric carcinoma detected in the total population in 
Finland during 1954. It was also significantly higher 
than the incidence of gastric carcinoma (3.0 per cent) in 
405 patients over fifty-five years of age admitted for 
xray examination of the stomach during 1957 in the 
same outpatient department. Benign polyps were 
found in 6.0 per cent of the patients in the pernicious- 
anemia series and in 1.2 per cent of the controls. 

Twelve of 963 relatives of 60 pernicious-anemia 
patients had gastric carcinoma, as compared to 4 of 911 
relatives of 54 patients without pernicious anemia. 
This difference is statistically significant. 

One table 


Gastric Pseudodiverticulum Secondary to Pancreatic 
Pseudocyst. Peter J. Kapo. Pennsylvania M. J. 62: 
1339-1340, September 1959. (Pennsylvania Hospital, 
Philadelphia 4, Penna.) 

A case of gastric pseudodiverticulum secondary to 
pancreatic pseudocyst, in a 49-year-old male, is 
In the two weeks preceding his admission to 

hospital, the patient had had a cough and left chest 
accompanied by an abundance of yellow sputum. 
last six days of that period epigastric discomfort 
miting of bitter green matter were superimposed. 
run radiated into the right and left upper quadrants. 
There had been similar episodes in the past two years. 
‘ram the physical examination, diagnostic possibilities 
¢ nsidered were lobar pneumonia, recurrent pancreatitis, 
‘epatitis, pyelonephritis, and viscus perforation. 

A postero-anterior chest roentgenogram showed a 
tease narrow horizontal strand of parenchymal in- 
uration at the left base fused with a shadow of a 
“ugitly elevated left hemidiaphram. The superjacent 
‘ung was “congestively hazy.” Several centimeters 
ocow, at the splenic level, a spherical gas pocket 3 cm. 
™ @ameter appeared to contain a shallow fluid level. 
. ‘alum meal examination in the upright position re- 
vealed a shift of the stomach medialward. In the 
“pll€ position, a surprising crescent-shaped tubular 
— barium, approximately 1 by 9 em. and originating 
nthe cardiac greater curvature, arched over the gastric 
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fundus. Upon rotation into the right posterior oblique 
position the medium flowed out and a double-contrast 
air-filled crescent appeared. The roentgen diagnostic 
considerations were diverticulum or accessory pocket 
incident to gastric perforation, and an extragastric 
inflammatory mass. 

At laparotomy, a massive retrogastric quadrilocular 
pancreatic pseudocyst nestling within the lesser omental 
sac was discovered. One of the loculations impinged 
upward into the gastric fundus. One thousand cubic 
centimeters of pancreatic juice was aspirated and the 
cyst was marsupialized. On barium-meal examination, 
about one month postoperatively, the contour of the 
gastric fundus appeared normal. The gastric pseudo- 
diverticulum was apparently created by a forceful in- 
vagination of the pancreatic pseudocyst into the gastric 
fundus. 

Four roentgenograms. 


Diagnosis and Treatment of Acute Intestinal Intus- 
susception with Controlled Insufflation of Air. Eduardo 
S. Fiorito and Luis A. Recalde Cuestas. Pediatrics 
24: 241-244, August 1959. (L. A. R. C., Alvear 863, 
Rosario, Sante Fe, Argentina) 

In recent years the barium enema has been used in 
both the diagnosis and treatment of intussusception. 
The authors describe a new method which they term 
“controlled insufflation.’”’ It consists of insufflation of 
the colon with air under fluoroscopic and manometric 
control. When the intra-intestinal pressure arrives at 
the level selected for the particular case, a relay operates 
a tire-type valve, releasing gas, thus making impossible 
higher pressures than are desired. 

A plain film of the abdomen in the upright position 
demonstrates the intussusception in many cases. A 
nonlubricated Foley bag catheter is introduced into the 
rectum and inflated with 40 to 50 ml. of air. The 
diagnostic stage is started by insufflating the colon 
slowly, working with a gas pressure of not more than 
60 mm. Hg. Another roentgenogram is then obtained. 
In a few instances this pressure is enough to reduce the 


.intussusception, but in most cases, if there are no medi- 


cal contraindications, one may proceed to the therapeu- 
tic stage, working with a gas pressure of 130 mm. Hg. 
This pressure is maintained until the gas completely 
fills the small bowel. Two roentgenograms, frontal and 
lateral, are taken at this moment. 

From August 1954 to December 1958, 86 cases of in- 
tussusception were treated by insufflation; full reduc- 
tion was achieved in 94 per cent. Two of the 5 cases 
requiring surgery were of more than twenty-four hours 
duration. All patients were between three and eighteen 
months of age. 

It is the experience of the authors and others that the 
results are much better with controlled insufflation 
than with the barium-enema procedure. 

Five roentgenograms; 1 drawing. 


Volvulus Associated with Pregnancy: A Review and 
a Report of 3 Cases. George D. Malkasian, Jr., John 
S. Welch, and George A. Hallenbeck. Am. J. Obst. & 
Gynec. 78: 112-124, July 1959. (The Mayo Founda- 
tion, Rochester, Minn.) 

Only 48 cases of intestinal volvulus complicating 
pregnancy have been reported in the English language. 
Three additional cases from the Mayo Clinic are pre- 
sented here. The overall maternal mortality rate in the 


cases from the literature was 27.9 per cent with an 
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identical fetal mortality rate. When the volvulus in- 
volved the small bowel the mortality rate rose to 35.7 
per cent for both mother and fetus. 

Volvulus in primgravidae women was almost twice as 
frequent as in multiparous patients. Two of the pre- 
viously reported cases occurred in the first trimester of 
pregnancy, 9 in the second trimester, 25 in the third 
trimester (8 at term), and 5 in the postpartum period. 
Two were associated with ectopic pregnancies. The 
volvulus was located in the small bowel in 15 cases, the 
sigmoid colon in 14 cases, and elswehere in the colon in 
the remainder. Both large and small bowel were in- 
volved in 5 instances. 

The diagnosis of volvulus during pregnancy is diffi- 
cult. Vomiting is often attributed to the pregnancy, 
and the cramping lower abdominal pains to threatened 
abortion, Braxton Hicks contractions, or premature or 
early labor. The resultant delay in seeking medical 
advice or in definitive treatment has accounted for the 
high mortality. 

An abdominal film may be of considerable help, as 
is amply demonstrated in the authors’ third case. 
In general, the finding of an enormously dilated, iso- 
lated loop of intestine is all that is required for a suspi- 
cion of volvulus. In volvulus of the sigmoid the x-ray 
findings are characteristic and are not seen in any other 
condition. Although there may be alterations of expected 
location due to the uterine mass, two hugely dilated 
segments of sigmoid lie upright and parallel in the 
abdomen, usually on the left side. A visible column 
ot air communicates between these two segments at 
their apex. In addition, lateral decubitus views may 
show fluid levels within the intestinal lumen. 

The authors’ 3 cases are of special interest. One is 
the fourth to be reported in English in which volvulus 
involved both the cecum and the terminal portion of 
the ileum and the second such case with maternal sur- 
vival. Another is the only recorded instance of suc- 
cessful treatment by colonic intabation without surgi- 
cal intervention. 

Active surgical treatment for volvulis during preg- 
nancy is recommended, particularly in cases in which 
signs of intestinal strangulation are present or in which 
relief is not afforded by conservative medical measures 
over a short period. Decompression of a sigmoid vol- 
vulus with a long rectal tube may be justified under 
certain circumstances, but subsequent definitive surgi- 
cal treatment is usually necessary. 

A comprehensive list of references is included. 

Five roentgenograms; 3 tables. 

Ropert L. Ecan, M.D. 
University of Texas, Houston 


Coexisting Carcinoma and Diverticula of the Colon. 
A Review of Three Hundred Fifty-Five Cases of Car- 


cinoma of the Colon. Joseph L. Ponka, J. DeWitt Fox, 
and Brock E. Brush. Arch. Surg. 79; 373-382, Septem- 
ber 1959. (The Henry Ford Hospital, Detroit, Mich. ) 

Diverticula and diverticulitis of the colon may give 
symptoms resembling carcinoma. Because of this 
there is some danger of actually overlooking a carcinoma 
when diverticula are seen on the roentgenogram. 

Three hundred and fifty-five cases of adenocarcinoma 
of the colon were seen between 1953 and 1957 in the 
Department of General Surgery of the Henry Ford 
Hospital, Detroit, Mich. In 75 cases (21 per cent) 
there was associated diverticulosis. The incidence of 
disease was greatest in the sigmoid, where there were 
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197 cases of cancer with 56 cases of associated diver 
ulosis and diverticulitis (28 per cent). ‘a 

There were cases whete it was difficult to 
between diverticulitis and carcinoma. The attitug, 
recommended in this situation is one of Surgical aggre, 
sion, in that there is much less danger in removing 
portion of the colon for diverticulitis with the impres. 
sion that it is carcinoma, than it is to leave a carcinom 
untreated because it is thought to be diverticulitis _ 

There were 35 cases in the sigmoid in which the Car- 
cinoma and diverticula were so closely related that ther 
was great difficulty in accurate radiologic diagnoxis 
The overall accuracy of the roentgen diagnosis of car 
noma in 335 cases was 94 per cent, but in only 16 (4 
per cent) of the 35 cases cited could carcinoma be di. 
ferentiated roentgenologically from diverticulosis or di. 
verticulitis. This points to the need for surgical resee. 
tion in equivocal cases such as those with complete 
obstruction, poor filling, atypical lesions with long, 
poorly filled segments, and those with short, px vorly filled 
segments with diverticula. 

Two case reports are included. 

Four roentgenograms; 2 diagrams; 4 tables. 

MortTIMeER R. Camiet, M.D 
Brooklyn, N. Y, 


differentia 


Roentgenologic Findings in Ulcerative Colitis with 
Malignant Degeneration. N. P. G. Edling, R. Lage. 
crantz, and H. Rosenqvist. Acta radiol. 52: 123-128 
August 1959. (Karolinska Sjukhuset, Stockholm, 
Sweden ) 

The authors investigated 26 cases of ulcerative colitis 
with malignant degeneration. Two-thirds of these hai 
advanced inflammatory changes in a chronic stage, ani 
one-third showed roentgen evidence of improvement of 
the colitis. Only 15 per cent of the growths were situ- 
ated at the rectosigmoid junction, 85 per cent appearing 
elsewhere in the colon. 

The investigation indicates that there is no consistent 
characteristic in the roentgen picture of the colo 
with ulcerative inflammatory changes and subsequent 
development of carcinoma. The material also shows 
that severe changes in the wall due to colitis may heal 
without fibrosis of the muscular layer and the serosa 
This healing, if it occurs, is however no guarantee against 
malignant change even though the symptoms may have 
decreased or even disappeared. 

Six roentgenograms. 

Tueopore E. Keats, M.D 
University of Missouri 


Toxic Megacolon in Ulcerative Colitis. James LA 
Roth, A. Valdes-Dapena, G. N. Stein, and H. L. Bockus. 
Gastroenterology 37 : 239-255, September 1959. (Grad- 
uate Hospital, Philadelphia 46, Penna. ) : 

Toxic megacolon is the most dreaded complication 
of a fulminating attack of ulcerative colitis. It consists 
in extreme dilatation of part or all of the diseased colon 
and may occur during a fulminating first attack of cult 
tis, during an acute relapse of the relapsing-remitting 
type of the disease, or in association with an exacerba- 
tion in a chronic course. In a review of the records 
the Graduate Hospital, University of Pennsylvania, for 
the years 1943-1958, the authors found 15 examples, an 
12 patients. Their observations are based on this ser. 
The mortality for the group was 25 per cent. 

The clinical picture is that of almost comple 
obstruction with impending perforation. 
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icity isa constant feature. Radiographs of the abdo- 
toxicity 15 : 


demonstrate gaseous distention primarily within 
n de ee 


me 


thecolon, particularly the transverse section. A barium 
enema may be required to rule out a mechanically ob- 
structing lesion. ; ; 
Therapy must be intensive and comprehensive, with 
complete bowel rest. It is felt that surgical measures 
should be avoided, if possible, during the acute phase. 
Six of the authors’ patients were operated upon, with 2 
deaths. There was 1 death among 6 patients receiving 
medical treatment only. 
One illustrative case is reported. 
Five roentgenograms; 5 photomicrographs; 4 tables. 
Maj. MartINn A. THomas, M.C. 
MacDill AFB, Tampa, Fla. 


Birnsting]l. 


AStudy of Pancreatography. Martin 
(St. 


Brit. J. Surg. 47: 128 139, September 1959. 
Bartholomew's Hospital, London, England ) 

An anatomical and histologic study was undertaken 
with a view to correlation of the radiologic appearance 
of the duct system of the pancreas and the histologic 
findings. The intention was to provide a basis for the 
interpretation of operative pancreatograms and to 
investigate the occurrence of epithelial changes in 
autopsy material. A total of 150 pancreatic and duo- 
denal specimens were obtained in the course of routine 
autopsies on subjects presumably without pancreatic 
disease. In each specimen the main pancreatic duct 
was cannulated and injected with radiographic contrast 
material. The preparation was then radiographed, 
fixed, and subsequently sectioned. 

The main emphasis in the paper is histologic and 
the observations are recorded in great detail. The 
uithor’s own summary, with minor changes, follows: 

1. Asaresult of combined radiographic and histolog- 
ical study in necropsy material, the common anatomi- 
cal variations which influence the interpretation of pan- 
creatograms have been reviewed. The main pancreatic 
duct showed variation in caliber ranging between 
maximum diameters of 1.8 and 9.2 mm.; it appears 
that the upper limit of the normal diameter of this duct 
isabout that of an ordinary lead pencil (8 mm.). Ap- 
pearances of isthmic stenosis, terminal dilatation, and 
undulating outline were occasionally seen and repre- 
sent anatomical variants. The accessory pancreatic 
duet communicated with the main ductal system in 
68 per cent of specimens, but appeared patent in only 
») per cent. 

2. Dilatation and irregularity of the secondary pan- 
creatic ducts were commonly seen on the pancreato- 
grams and produced an appearance of pancreatectasis 
ina few specimens. These variations closely reflected 
the development of hyperplastic and metaplastic 
changes in the ductal epithelium. 

3. Columnar epithelial hyperplasia was seen in 29 
percent of organs; the change was most frequent in the 
secondary ducts and in the ampullary region of the 
‘ceessory pancreatic duct. It was most common in 
the form of intraductal proliferation, but hyperplasia of 
mucus-secreting glandular structures related to the 
(ucts Was also seen. These variants resemble cholecys- 
ts glandularis proliferans, with which they are com- 
perable. Subclinical focal pancreatic necrosis was en- 
countered in 5 specimens, in which it was apparently 
related to the presence of hyperplastic epithelial lesions 
in the ducts, 

+. Squamous epithelial metaplasia was found in 10 
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per cent of organs, although never to the extent shown 
by columnar hyperplasia, with which the change was 
generally associated. 
Five roentgenograms; 9 photomicrographs; 7 draw- 
ings; 2 tables. JAMES W. Barber, M.D. 
Cheyenne, Wyo. 


Spontaneous Disappearance of Gallstones. W. van 
der Linden and A. Hjelmstedt. Acta chir. scandinav. 
117: 230-232, 1959. (Centrallasarettet, Ostersund, 
Sweden ) 

The spontaneous disappearance of gallstones in a 
young woman during the postpartum period is reported. 
The patient suffered from typical biliary colic during the 
first few months of her second pregnancy but during the 
later months was symptom-free. After a full-term de- 
livery, the biliary colic reappeared, with increasingly 
frequent attacks. Cholecystography about two months 
postpartum showed a normally visualized gallbladder, 
containing a large number of small stones. Operation 
was advised but was postponed for several weeks. 
During this time the patient suffered daily from violent 
upper abdominal pain, radiating to the right loin and 
associated with severe nausea and vomiting. There 
was no jaundice, but the urine was dark. At operation, 
no stones could be palpated nor could any be found 
when the gallbladder was opened. Cholangiography 
failed to disclose common duct stones. Histologic 
examination of the gallbladder specimen showed hyper- 
trophy of the muscular layers, indicating that there had 
been an obstruction to emptying. 

Two possible explanations for the disappearance of 
the gallstones are offered: (1) dissolution and (2) migra- 
tion. The daily colic seems to favor the theory of mi- 
gration. 

Two roentgenograms. 


Renal Insufficiency After Oral Administration of a 
Double Dose of a Cholecystographic Medium. Report 
of Two Cases. Robert M. Rene and Sherman M. 
Mellinkoff. New England J. Med. 261: 589-592, 
Sept. 17, 1959. (University of California School of 
Medicine, Los Angeles, Calif.) 

The authors report 2 cases of renal insufficiency oc- 
curring after the oral administration of a double dose of 
iopanoic acid (Telepaque). 

Serious reactions after oral administration of iopanoic 
acid are virtually unknown. This is in contrast to the 
parenteral injection of organic iodides, which has some- 
times been followed by sudden death from anaphylac- 
tic shock, or delayed death in patients with pre-existing 
renal disease. The authors know of no previous re- 
port of renal insufficiency after oral cholecystography. 

The relation between the azotemia which was ob- 
served in these two patients and the prior administration 
of iopanoic acid seemed more than fortuitous, yet the 
mechanism was not clear. There was nothing to sug- 
gest allergy or anaphylaxis, with the possible exception 
of transient orthostatic hypotension in one case, and the 
renal shutdown itself. An idiosyncrasy either to iodide 
or some other radical of iopanoic acid, particularly man- 
ifest when larger doses are used, is conceivable. 

In animals iopanoic acid given orally is eliminated 
largely by way of thé, gastrointestinal tract and in 
dogs doses of as much‘as‘1;gm. per kilogram of body 
weight have produced no evidence of impairment of 
renal function. In man, however, renal excretion 
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amounts to about 38 per cent of the administered dose, 
and dysuria is not an uncommon symptom. Renal 
irritation in susceptible persons may result in reflex 
vascular spasm, with partial or complete shutdown. 
The authors conclude that it seems wise not to admin- 
ister large doses of gallbladder medium to patients with 
evidence of pre-existing renal disease, or to do so, if 
necessary, only after the possible risk has been carefully 
weighed. One of their patients gave a past history 
suggestive of a low-grade pyelonephritis, and cultures 
of the urine during hospitalization yielded E. coli, 
Klebsiella, and Aerobacter. 
Two tables. CHARLES M. GREENWALD, M.D. 
St. Cloud, Minn. 


Death After Cholecystography. Basil Rifkind. Brit. 
J. Radiol. 32: 622-623, September 1959. (Royal In- 
firmary, Glasgow, Scotland) 

It is frequently stated that hepatocellular or ob- 
structive jaundice is a contraindication to cholecystog- 
raphy on the principle that the procedure may harm 
an already damaged liver. The author describes a 
case in which it is felt that the cholecystography was a 
contributing factor in the patient’s death. 

A 73-year-old housewife was admitted because of 
jaundice, which had appeared ten days earlier. The 
liver and spleen were not palpable, and there was no 
abdominal tenderness. The stools were pale and the 
urine contained bile but no urobilinogen. Liver 
function tests showed: alkaline phosphatase, 21 King- 
Armstrong units per cent; serum bilirubin, 30 mg. per 
cent; serum proteins, 6.5 gm. per cent (albumin, 3.5 
gm.; globulin, 3.0 gm.); thymol turbidity, 2 units; 
thymol flocculation, 1 unit. 

During the first few days after admission, the patient 
remained comfortable and was regaining her appetite. 
Inadvertently, a cholecystogram was carried out, with 
Phenobutiodil (1-(2:4:6:triodo-phenoxy )-butyric acid) 
in the recommended adult dose by mouth. Vomiting 
occurred the following day, coma ensued, and death 
followed on the fourth day. Postmortem examination 
revealed severe liver necrosis. The pathologist was of 
the opinion that the changes were of more than two 
weeks duration. 

The author feels that it is not unreasonable to sug- 
gest that the medium acting on such a diseased organ 
may have been the final insult accounting for the pa- 
tient’s sudden deterioration. This experience tends to 
justify a cautionary attitude regarding cholecys- 
tography in the presence of jaundice. 

JAMEs F. Martin, M.D. 
Bowman Gray School of Medicine 


THE DIAPHRAGM 


J. O. Reed and 
Am. J. Roentgenol. 82: 437-449, Septem- 
(Children’s Hospital of Michigan, Detroit 1, 


Diaphragmatic Hernia in Infancy. 
E. F. Lang. 
ber 1959. 
Mich. ) 

This report is based on a series of 48 cases of dia- 
phragmatic hernia appearing in infants. Three groups 
of hernias were encountered. The largest group (31 
cases) involved the posterolateral muscular segment of 
the diaphragm (pleuroperitoneal hernias). Hernias 
involving the esophageal hiatus were the next most com- 
mon (12 cases) and those involving the anteromedial or 
tendinous segment of the diaphragm were the least 
common (5 cases) 
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Pleuroperitoneal hernias may be of Serious ¢yp 
sequence with a high mortality if not treated, de 
cardiorespiratory failure in the newborn and stranpy! 
tion of the bowel in older children. 

Radiographic manifestations include: (1) incomplet: 
visualization of the diaphragmatic leaf on the affectes 
side; (2) visible loops of bowel in the thorax, appearing 
as multiple radiolucencies, perhaps containing yj 
(3) contralateral displacement of the heart; (4) redye, 
tion or absence of the abdominal intestinal gas Patten 
(5) an esophagus of normal length. There may be con. 
pression atelectasis and hypoplasia or even aplasia «j 
the ipsilateral lung. A hernia in this location may be 
of the sliding variety and be present at one time ani 
not at another. Ifa hernia is suspected, it is advisable 
to delay feeding and reduce distention by aspiration { 
avoid cardiorespiratory embarrassment. The larger 
hernias associated with severe developmental defects i 
the lung result in early death. A certain number oj 
these patients can be salvaged by immediate surger 
providing the pulmonary defect is not too severe. 

Certain radiographic criteria indicate the characteris. 
tics of the hernia. The size of the defect in the di- 
phragm as estimated by the size of the hernia may bede 
ceiving, but this determination is largely of theoretic: 
value since repair by an experienced surgeon is ni 
limited to smaller defects. The presence of a hemi: 
sac may be suspected if there appears to be limited 
herniation; whereas, free extension of abdominal co. 
tents into the thorax indicates the absence of a sac. 

Esophageal hiatal hernias are of less clinical cons 
quence and are usually found during investigations o 
feeding problems in older infants. Respiratory em 
barrassment is unusual. Contrast studies are necessar 
for satisfactory classification. 

Hernias involving the anteromedial aspect of the 
diaphragm are encountered in older infants or children 
and are investigated because of complaints arising from 
the mechanical problems incident to the herniation 

Thirty-two roentgenograms. 

Joun W. Wison, M.D 
Johnstown, Penna 


angula. 


Jesse H. Meredith 
J. Thoracic Surg. 37: 641-04, 


Leiomyoma of the Diaphragm. 
and H. H. Bradshaw. 
May 1959. (Bowman 
Winston-Salem, N. C.) 

Tumors of the diaphragm are rare, only 42 examples 
having been recorded in the literature. One-half d 
these tumors were malignant; only 1 was of smooth- 
muscle origin, a leiomyosarcoma. The authors report 
a case to emphasize the value of pneumoperitoneum 1 
the diagnosis of diaphragmatic tumors and to call atten- 
tion to the high incidence of malignancy in such tumors 

The patient, an asymptomatic 57-year-old womat 
was admitted to the hospital because of a progressivel! 
enlarging shadow in the left lower chest demonstrated 
roentgenographically. There were dullness and absence 
of breath sounds in this area; the diaphragm descended 
on inspiration. Postero-anterior and lateral chest films 
showed the shadow above the diaphragm. A 1,500-c¢ 
pneumoperitoneum, induced in 500-c.c. stages, revealed 
the contour of the inferior surface of the diaphragm © 
be normal; above there was a mass which could not be 
differentiated from the diaphragm. The tumor W® 
resected without difficulty. The pathologist’s diagno 
was “leiomyoma of the diaphragm.” The patient W® 
observed for three years without recurrence. In a 


Gray School of Medicine, 
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ndum to the paper, however, it is stated that six 
ing submission of this case report, chest 

ntgenograms disclosed a lesion of the right upper 
- This was resected and proved to be a “‘spindle- 
ie It is thought to be a metastases 


adde 
months follow 


cell malignant tumor.” 
from the previous tumor. 

In the study of this case, the authors found pneumo- 
peritoneum to contribute far more information than 
fuoroscopy and pneumothorax. The value of pneu- 
mothorax may be limited by adhesions to the inferior 
sirface of the lung. In resecting the tumor, preopera- 
tive pneumoperitoneum and/or crushing of the phrenic 
nerve will contribute to closure of the defect. The fact 
that half of the tumors of the diaphragm are malig- 
nant should be kept in mind when a mass in this area 
isencountered, and a wide margin of apparently normal 
tissue should be removed with the tumor. 

Five roentgenograms; 1 photomicrograph; 1 photo- 


graph. 


Transient Paradoxical Movement of the Diaphragm. 
Raymond A. Gagliardi, Howard H. Feigelson, and 
Arthur S. Shufro. J. Thoracic Surg. 37: 636-640, 
May 1959. (Sinai Hospital, Detroit 35, Mich.) 

Paradoxical motion of the diaphragm following phren- 
ieotomy or associated with malignant involvement of 
the mediastinum is a familiar entity. It is less well 
known that this phenomenon can appear in nonmalig- 
nant pulmonary disease and in the absence of direct 
involvement of the phrenic nerve. The authors review 
the literature on paradoxical diaphragmatic movement 
and report a case in which paralysis of the diaphragm 
oceurred concomitantly with pneumonia. 

Itis possible that unilateral paralysis of the diaphragm 
ismore common than is generally suspected, since most 
cases of pneumonia are not studied fluoroscopically. 
The physical signs of diaphragmatic paralysis are easily 
missed or overshadowed by adjacent changes, especially 
in the presence of inflammatory pulmonary disease. 
The diagnosis of diaphragmatic paralysis is made by 
the demonstration of elevation of the diaphragm, as 
well as its paradoxical movement, at fluoroscopy. If 
the patient is asked to sniff sharply, the paradoxical 
motion isaccentuated. In the authors’ case, the paraly- 
sis cleared after a period of eight weeks. 

The possibility of inflammatory involvement of the 
phrenie nerve as a cause of diaphragmatic paralysis is 
suggested. 

Two roentgenograms. 


THE MUSCULOSKELETAL SYSTEM 


Hereditary Enchondral Dysostosis. Twelve Cases 
in Three Generations Mainly with Peripheral Location. 
Per Odman. Acta radiol. 52: 97-113, August 1959. 
Lanslasarettet, Hassleholm, Sweden ) 
_ The author discusses a condition which he terms 
vereditary enchondral dysostosis, with a presentation of 
QR cases in three generations, mainly with peripheral 
“cation. This condition is known also as dysplasia 
epiphysealis multiplex and epiphyseal dysplasia. 
_ Roentgenographically, the hereditary epiphyseal 
“sturbances manifest themselves as changes in the ossi- 
‘eation pattern of the epiphyses, and the conditions 
tollowing such changes. The mode of inheritance varies. 
he most marked roentgenographic changes, as 
ye as the most prominent clinical signs, are observed 
ithe knee joints, with the ankle joints next in impor- 
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tance as regards the extent and severity of the distur- 
bances. The roentgenologic lesions are reflected in 
typical clinical manifestations. These first appear at 
about the age of three or four, in the form of walking 
difficulties, and gradually become aggravated up to 
the age of seven to fourteen, when the roentgenologic 
changes are most marked. Much discomfort, partic- 
ularly in the knees and ankles, is experienced in 
connection with locomotion. These disabilities de- 
crease during puberty, but are still present to some de- 
gree in the adult. The clinical signs are proportional 
to the roentgen appearances. 

In 2 of the author’s cases in children the femoral 
epiphyses are described as having an irregular porous 
structure; the bone contour was jagged, while the 
border adjoining metaphyses was smooth. Multipolar 
areas of ossification of the epiphyses may be seen. Ir- 
regularity of the bony structure of the epiphyses is 
observable during the entire period of growth. 

Young persons with marked epiphyseal changes dur- 
ing growth are more or less disabled up to the time when 
the epiphyses have become completely ossified. When 
this stage is reached, clinical improvement is noted. 

Contrary to earlier reports, the changes in the author’s 
patients were situated only in the joints of the extremi- 
ties. The clinical picture in adults was dominated by 
osteochondrosis. 

Thirty-one roentgenograms; 1 genealogical tree. 

THEODORE E. Keats, M.D. 
University of Missouri 


Unusual Manifestations of Gout. R.C. Rosenquist, 
C.S. Small, and P.H. Deeb. Arch. Path. 68: 1-10, July 
1959. (P.H.D., Loma Linda Sanitarium and Hospital, 
Loma Linda, Calif.) 

A severe case of tophaceous gout in a 70-year-old man 
is reported, with particular attention to the roentgen 
and pathologic findings. The patient first noticed 
joint pain when he was about fifty years of age. Five 
years later small nodules adjacent to the joints of the 
hands and feet were discovered. Progressive enlarge- 
ment of the tophi occurred, and at the age of sixty- 
five, painful ulceration and chronic draining sinuses 
developed over the tophi. For this reason, the right 
fourth and fifth toes and the left fourth toe were ampu- 
tated. Roentgen examination included multiple views 
of the hands, elbows, knees, and feet, and showed ex- 
tensive calcium deposits, areas of bone destruction, and 
severe distortion of joint relationships. 

The patient was started on probenecid, 0.5 gm. daily, 
with supplemental sodium bicarbonate to keep the 
urinary pH neutral or alkaline, but this program was 
not closely followed because of gastrointestinal irrita- 
tion. The patient was subsequently hospitalized on 
five occasions, during which time his condition pro- 
gressively deteriorated. Pain in the extremities and 
low back became almost continuous. Serum uric acid 
levels were consistently elevated, being in the range of 
8 to 10 mg. per 100 ml. Fasting blood sugar was 123 
mg. per 100 ml. The urine consistently showed pro- 
tein, blood, and pus. At the time of final hospitaliza- 
tion, the nonprotein nitrogen was 114 mg. per 100 ml. 
At autopsy the remarkable feature of this case was the 
extremely wide distribution of urate deposits, including 
coating of all joint surfaces with urates. A large 
amount of calcific material was found in the larger 
joints, as well as the more common locations. 

The bizarre appearance of gout makes it desirable to 
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consider this diagnosis in any case of painfully swollen 
joints. The roentgen picture is not pathognomonic; 
it may resemble that in such diseases as rheumatoid 
arthritis, degenerative arthritis, and Boeck’s sarcoid. 
Twenty-four figures, including 8 roentgenograms. 


Osteosclerotic Changes in Myelomatosis. Report of 
a Case. Olle Odelberg-Johnson. Acta radiol. 52: 
139-144, August 1959. (Malmé Allmanna Sjukhus, 
Malmé, Sweden ) 

The author presents a case of myelomatosis in which 
roentgen examination revealed progressive and wide- 
spread, circumscribed osteosclerosis resembling metas- 
tases but no evidence of osteolysis. 

Histologic examination of a typical example showed 
many coarse bone trabeculae at the site of the lesions. 
Between the trabeculae were abundant plasma cells. 
There was cancellous bone outside the osteosclerotic 
areas containing fine bone trabeculae and the bone mar- 
row was rich in cells. 

A survey of literature suggests that this is a rare 
manifestation of myelomatosis. 

Three roentgenograms. 

THEODORE E. Keats, M.D. 
University of Missouri 


Idiopathic Hypercalcemia. A Case Report with 
Assays of Vitamin D in the Serum. David W. Smith, 
Robert M. Blizzard, and Harold E. Harrison. Pediat- 
rics 24: 258-269, August 1959. (D. W. S., University 
of Wisconsin Medical School, Madison 6, Wisc. ) 

The authors report a case of prolonged hypercalcemia 
in which assays of vitamin D in the serum were per- 
formed. At ten months of age the patient presented a 
clinical picture of unexplained mild idiopathic hyper- 
caleemia of infancy. No therapeutic measures were 
taken at this time to correct the hypercalcemia and 
at five vears of age symptoms of severe idiopathic hy- 
percalcemia were evident. 

The osseous findings in this case are of considerable 
interest, since demineralization of bone was demon- 
strated. Roentgen studies showed subepiphyseal rare- 
faction, periosteal elevation, and relative rarefaction of 
the shafts of the long bones as compared to the epiphy- 
ses. These changes are similar to those described in 
cases of vitamin D intoxication in children by Ross (J. 
Pediat. 41: 815, 1952. Abst. in Radiology 61: 687, 
1953) and others. Roentgenograms in the present 
case, however, did not disclose the markedly increased 
density at the epiphyseal plate which is usually found 
in both vitamin D intoxication and idiopathic hyper- 
calcemia 

Various therapeutic measures were tried, including 
cortisone administration, a low calcium diet, and citrate 
therapy. The concentration of calcium in the serum 
returned to normal and remained so after two years. 
Also, the bone structure became normal. 

The etiology of idiopathic hypercalcemia is discussed 
with particular reference to the role of vitamin D in the 
present case 

Six roentgenograms. 


Echinococcus Disease of the Calvarium. E. Samiy 
Fortschr. a. d. Geb. d. Réntgenstrahlen 91: 339-343, 
September 1959. (In German) (Pahlavi-Krankenhaus, 
Teheran, Iran) 

Eighty-five per cent of hydatids are retained either 
in the liver or lungs, where the larvae have difficulty in 
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passing the capillary bed. Osseous involvemen ; 
rare, occurring in less than 3 per cent of tron 
Echinococcic lesions of the calvarium are most ap 
only 2 cases having been observed by the author aia 
22 intracerebral cases during the same period of in 

The first patient was a boy, aged 14, who for thr 
years had noticed a gradually increasing Occipital bul 
Repeated seizures without an aura had nds 
cently, but headaches had been slight. Clipiaj, 
there was a fluctuating occipital soft-tissue bulge, Ps 
size of an orange, the base of which was surrounds 
by a sharp bony ridge. Examination revealed homony. 
mous hemianopsia to the right. Roentgenogran; 
showed a round 4-cm. defect in the midoccipital region 
There was wide separation of the inner and outer tables, 
with periosteal proliferation of the outer boris 
Surgically, the condition proved to be echinocooeys 
disease with numerous larger and smaller Cysts covered 
by a thick membrane. The postoperative course ny 
uneventful. 

The second patient was a soldier, aged 23, who yj 
suffered from morning headaches and dizziness for tty 
past four months. Swellings, gradually increasing in 
number and size, had been noticed in the occipital region 
for the past three years. On examination, sever 
soft-tissue bulges of the scalp were found posteriorly, 
surrounded by a sharp osseous ridge at the hg 
Neurologic findings were bilateral choked disk of slight 
degree, horizontal nystagmus, and a positive Rombey 
sign. 

Roentgenograms revealed numerous osseous defects 
of the occiput and of the parietal bones posteriorly, with 
thin interwoven septa. The external table was party 
intact but occasionally was eroded from the inside 
with the production of a semilunar defect. The floor 
the posterior fossa was thinned, and the sella turcica wa 
slightly enlarged. The preoperative diagnosis ws 
echinococcus disease. 

At operation a thick covering membrane was agait 
found. Beneath this were virtually hundreds of smal 
and larger cysts which occupied the posterior third i 
the cranial cavity. After removal of all cysts a lay 
defect remained, with the tentorium and the cerebelix 
hemispheres at the floor, and the occipital lobes above 
covered by the dura mater. The latter had becomes 
thin, as a result of compression, that the cerebral ves! 
underneath were clearly visible. 

The patient made an uneventful recovery and ws 
discharged two weeks postoperatively. After thre 
more weeks the neurological findings were essential) 
normal. 

Three roentgenograms. 
























































ERNEST KRAFT, M.D 
Northport, N. } 







Radiologic Aspects of Moderately Severe Cervicil 
Spine Trauma. Martin S. Abel. Arch. Phys. Med& 
Rehabil. 40: 371-378, September 1959. (655 Sutte 
St., San Francisco, Calif.) 7 

Routine views of the cervical spine may be of litte 
help in demonstration of the frequent injuries of the 
small elements of the cervical vertebrae. The auth 
consequently has undertaken some anatomic studies 
to evaluate methods and projections which may mot 
favorably demonstrate such minor trauma. Cadaver 
were subjected experimentally to oblique hyperextet: 
sion and flexion maneuvers with forces comparable ' 
those sustained in typical accidents likely to product 
whiplash injuries. Special views of the uppermost a 
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ts of the cervical spine were found 
small fractures and frac- 
An _ occipital-submental 
first cervical vertebra and upper cervical 
segments €” face is obtained with the patient in prone 
position with the neck str« mgly hyperextended and the 
directed through the skull 


> necessary tO visualize the 


from above downward at an angle 15° cephalad to the 
vertical plane through the head. A second special 


view is a modified anterop¢ ysterior projection, useful in 


| demonstrating the posterior processes of the lower cervi- 


al vertebrae. For this the patient is placed supine, 
the head and neck are strongly hyperextended, and 
the beam, angled 30° toward the feet, is well coned 
For both of these views 
the author prefers a fine-focal-spot, short-distance 
magnification technic (Radiology 66: 747, 1956). 

These views, plus selected standard studies, were 
used to demonstrate small, easily overlooked compres- 
gon fractures involving the facets on one side, short 
fractures through the joints of Luschka of one side, 
lateral compression and/or displacement of the superior 
facets at C-1 and C-2, and small degrees of abnormal 
rotation of the occiput at C-1. The illustrative roent- 
genographic reproductions are small, and points under 


| discussion are not easily seen. 


Small injuries of the cervical spine sometimes produce 
little immediate difficulty, but the patients return with 
severe symptomatic sequelae some years later. The 
special views under discussion may reveal such injuries 
at that time. 

A review of over 1,000 routine frontal views of the 
chest was made as part of this study in an attempt to 
btain a control series of normal individuals without 
cervical spine symptoms. In a high percentage minor 
deformities were found, increasing in frequency with 
age. Itis said, for example, that 20 per cent of persons 
between forty-one and sixty will exhibit some of the 
deformities under discussion. 

In anatomic studies of 31 cadavers, the necks were 
radiographed and then examined microscopically and 
grossly. Hypertrophic changes of the bodies of the 
vertebrae were found to occur independently of hyper- 
trophic change of the apophyseal joints and vice versa. 
Hypertrophic arthritic changes in the apophyses were 
always associated with marked deformity or malalign- 
ment of these posterior joints, and the arthritis was 
centered maximally about the site of deformity. 

The author concludes that hypertrophic changes of 
the vertebral bodies (as opposed to such changes in the 
posterior joints) are “largely a response to static weight- 
searing stresses, whereas, apophyseal joint arthritis is a 
esponse to dynamic stresses consequent to alteration in 
the planes of motion. There is obviously an interrela- 
tionship in these two categories.” It is felt that the 
disks, vertebral bodies, lateral joints of Luschka, and 


| ‘pophyseal joints are all components of the same sus- 


pension system so that changes or alterations in one 
part of the system must eventually be reflected in 
changes in other components. 

lt is evident that painstaking radiographic examina- 
tion of the cervical spine is essential for demonstrating 
small lesions of the structures under discussion. 


| Special views as described are frequently most helpful 


a may be necessary for proper diagnosis. 

‘eventeen figures, including 10 roentgenograms; 

table JAMEs W. BarseER, M.D. 
Cheyenne, Wyo. 
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Significance of Survey Films (Plain Views) of the 
Lumbar Spine in Lumbar Intervertebral Disk Prolapse. 
H. G. Stéssel, C. W. Fassbender, and G. Haussler. 
Fortschr. a. d. Geb. d. R6ntgenstrahlen 91: 329-334, 
September 1959. (In German) (C. W. F., Allgem. 
Krankenhaus Heidberg, Tangstedter Landstr. 400, 
Hamburg-Langenhorn, Germany ) 

In 438 cases of sciatica and disk prolapse the most 
important diagnostic sign on the plain film was narrow- 
ing of the intervertebral space, a finding which cor- 
responded to the surgical picture in 46 per cent of the 
cases. This was observed in 217 cases (50 per cent) 
45 times with two disks involved; 10 times with involve- 
ment of more than two disks. The plain films were 
normal in 77 cases, although prolapse was demonstrated 
by myelography and at surgery. 

Localized spondylosis deformans and dorsal disalign- 
ment gave indication of the level of the prolapse. 
Circumscribed spondylosis, developmental abnormali- 
ties, and vertebral shifts were present in 89 cases. 
In 61 instances the dorsal shift was 2 to 5 mm. There 
was flattening of the lumbar curve in 73.8 per cent of 
cases (321) and scoliosis in 56 per cent (244). 

Myelography was performed in 326 cases. Narrow- 
ing of the intervertebral space was confirmed in 147 (50 
per cent); definite prolapse with narrowing was dem- 
onstrated in 116 (39.4 per cent), and the surgical 
findings corresponded to the films in 201 cases (45 per 
cent). 

It is concluded that plain films are of value in the 
diagnosis of disk prolapse and its differentiation from 
other vertebral disease and should precede myelography. 

Two tables. 


Absence of Motion at the Fourth and Fifth Lumbar 
Interspaces in Patients With and Without Low-Back 
Pain. Merrill C. Mensor and Gene Duvall. J. Bone 
& Joint Surg. 41-A: 1047-1054, September 1959. (490 
Post St., San Francisco 2, Calif.) 

Flexion and extension upright lateral roentgenograms 
of the lumbosacral spine were made in 527 consecutive 
patients with low-back pain and in a control group of 
94 healthy individuals in an attempt to evaluate the 
significance of absence of motion at the fourth and fifth 
lumbar interspaces. Range of motion is not considered 
since normals for range have not been established. 
Presence or absence of motion is determined from the 
films by superimposing the sacrums on the two expo- 
sures and noting the difference in the angles formed at 
the lumbosacral junction. The fifth lumbar bodies are 
then superimposed and motion between the fifth and 
fourth vertebrae is determined in the same manner. 

The 527 cases (393 in men and 134 in women) were 
separated into five clinical classifications for the purpose 
of analysis: A. Sprains; B. Spondylosis, disk degenera- 
tion, or both; C. Lumbar intervertebral disk syndrome; 
D. Congenital anomalies; E. Miscellaneous, including 
old fractures, postural defects, scoliosis, psychosomatic 
problems, etc. Patients were also grouped as to age 
and duration of symptoms. Symptoms of more than 
two months were classified as chronic, whereas, those of 
less than two months were considered acute. 

Since the spine is able to compensate for restriction of 
motion in one area, it does not follow that loss of motion 
roentgenographically will be accompanied by a measur- 
able loss on physical examination. Absence of motion 
at one or both of the two lower lumbar vertebrae was 
demonstrated in 226 of the authors’ patients, but only a 
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small percentage of these showed clinical evidence of 
restriction. Limited motion occurred more frequently 
with symptoms of more than two months duration and 
in patients in the fourth, fifth, and sixth decades of 
life. 

Absence of motion at the fourth and fifth lumbar ver- 
tebral levels was observed in 15 per cent of normal 
patients and in 43 per cent of patients complaining of 
low-back pain, without regard to etiological classifica- 
tion. Abnormal mobility, so-called primary instability, 
was seen in 8 per cent of normal controls and in 13 per 
cent of patients with symptoms. There is no definite 
evidence as to the cause of loss of mobility, but it is the 
authors’ impression that changes in the periosseous 
soft tissues are responsible, rather than muscle spasm or 
degenerative changes. 

Six charts. JOHN F. RriesseErR, M.D. 

Springfield, Ohio 


Blind Spots—First Rib Stresses—and the B. I. R. 
Presidential Address Delivered at the British Institute 
of Radiology on May 7, 1959. J. Blair Hartley. Brit. 
J. Radiol. 32: 561-571, September 1959. (St. Mary’s 
Hospitals, Manchester, England ) 

In his Presidential Address before the British Institute 
of Radiology, the author discusses his beliefs concerning 
abnormalities of the first ribs. In fairly full detail, he 
discusses the bony, vascular, and muscular anatomy of 
the thoracic inlet and first ribs in an effort to explain 
the mechanism of trauma to these structures. Because 
of the insertion of the scalene anterior muscle into the 
mid portion of the first rib, from the cervical spine, and 
the position of the clavicle immediately anterior to this 
muscle, trauma compressing the clavicle against the rib 
or stretching or pulling of the muscle, with motion of 
the head, can frequently cause a fracture. In complete 
fractures of the first rib, nonunion may be a common 
occurrence and this is more likely than a congenital 
synchondrosis. If the fracture is incomplete, union 
occurs 

The author does not believe that fatigue fractures of 
the first rib occur, for the following reasons. In young 
persons the rib cartilages anteriorly and posteriorly are 
pliable and insure an adequate ‘“‘give’’ to stress. As 
the anterior cartilages later calcify, he states that an 
arthrodial joint appears between the anterior end of the 
bony rib and the calcifying cartilage, thus continuing 
pliability in this area. 

The region of the first rib and its cartilage is desig- 
nated ‘‘one of the diagnostic radiologist’s blind spots.” 
Among other blind spots the author mentions, but does 
not discuss at any length, diastematomyelia, ductus 
arteriosus, and radiological demonstration of the placen- 
tal site. His final comment concerns the British In- 
stitute of Radiology, indicating that its main function is 
in the field of education. 

Twelve roentgenograms; 8 diagrams. 

LAURENCE B. LEINBACH, M.D. 
Bowman Gray School of Medicine 


Huge Osteoma of the Eleventh Left Rib. Israel 
Steinberg. J.A.M.A. 170: 1921-1923, Aug. 15, 1959. 
(New York Hospital—Cornell Medical Center, New 
York, N. Y.) 

A 3.5-pound osteoma had been attached to the elev- 
enth rib of a 71-year-old man for fifty years but had 
caused no discomfort. Roentgenographic study showed 
it to contain calcium and bone, which readily established 
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the diagnosis of osteoma. The tumor was located in 
gutter of the left pleural space, and produced reales 
findings simulating those due to a pulmonary as 
Despite its large size and displacement of the left kidne, 
the tumor remained benign; death was due to car : 

of the right kidney. 
Three roentgenograms; 1 photomicrograph: 
photograph. Maj. Martin A. Tuomas, MC 
MacDill Air Force Base, Fla 
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Transchondral Fractures (Osteochondritis Disse. 
cans) of the Talus. Albert L. Berndt and Michae! 
Harty. J. Bone & Joint Surg. 41-A: 988-1020, Septen- 
ber 1959. (M. H., Graduate School of Medicine, 1; 
versity of Pennsylvania, Philadelphia 4, Penna.) 

Detached osteochondral fragments from the dome 
the talus have been designated by a variety of tem: 
Loose bodies within joints have been ascribed to spon- 
taneous necrosis; hence the term “osteochondritis 
dissecans.”” Clinically and experimentally, evidence 
indicates a traumatic etiology for these lesions as sey 
at the articular margin of the talus. The term tray. 
chondral fracture is suggested as being correct from both 
anatomical and etiological points of view. The defini- 
tion given is ‘‘a fracture of the articular surface of ; 
bone produced by a force transmitted from the articular 
surface of a contiguous bone, across the joint ani 
through the artricular cartilage to the subchondnl 
trabeculae of the fractured bone.” 

A review of the literature yielded reports of 191 trans- 
chondral fractures of the talus, to which the authors adi 
observations on 25 examples in 24 patients. Exper. 
mental work with 15 fresh above-the-knee amputation 
specimens elucidates the mechanism of production o 
these lesions. 

Strong inversion of the dorsiflexed ankle will result in 
a transchondral fracture of the lateral border of the 
dome of the talus. Plantar flexion, inversion, and e:- 
ternal rotation of the tibia on the talus will result ina 
fracture of the medial border, usually in the posterior 
half. This mechanism might be called rotational or 
torsional impaction. 

The causative trauma may go unrecognized. The 
lesion itself may be painless, since the articular cartilage 
and bone have no nerve supply. Symptoms are duet 
associated ligamentous damage and soft-tissue swelling 

Roentgenographic diagnosis is paramount. The clint 
cal findings are unreliable and many of these lesions wil 
be regarded merely as severe sprains. Where symptoms 
of a sprain persist, roentgenographic examination with 
at least anteroposterior, oblique, and lateral views 5 
mandatory. Long periods of immobilization appear t 
be necessary for proper healing when the fragment ' 
undetached or partially detached. Detached or dis 
placed fragments may necessitate surgical removi! 
Operative treatment will give better results than cot 
servative management in both adults and children. 

This report represents the abridgment of a thesis for 
the Master of Medical Science degree and is profusely 
illustrated and well documented, with a bibliography 
82 references. Those interested in orthopedic conti: 
tions might consult the original with profit. This w 
of investigation might be applied to other forms @ 
“‘aseptic necrosis.” 

Twenty-two roentgenograms; 


§ photomicrographs 

4 photographs; 6 diagrams; 1 graph; 4 tables. 
JouN F. RIESSER, M.D 

Springfield, Ohio 
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Preliminary Findings from a Roentgenographic 
study of the Influence of Heel Height and Empirical 
‘urvature on Osteo-articular Relationships in 

rmal Female Foot. R Plato Schwartz and 
te Zone & Joint Surg. 41-A: 1065 


1076, September 1959. (260 Crittenden Blvd., Roches 


ter 20, N. Y-) ; P 

Measurements were made from a series of 65 lateral 
roentgenograms of the feet of two female subjects, (1) 
with the subject standing at ease barefoot and in shoes of 
five different heel heights, (2) with the subject standing 
harefoot, but with the heel of the foot supported only 
hy shoe heels corresponding to those on the shoes used 
in Series 1, (3) with the subject standing barefoot with 
the heels elevated by voluntary muscle contraction to 
heights equivalent to the heel heights used in Series 1 
and 2. Immediately after each exposure in Series 2, 
the subject was asked to remove the body weight from 
the heels, without removing the foot from light contact 
with the shoe heel, while a second exposure was made 

he measurements indicate that the length of the foot 
distal to the first metatarsal head does not change sig- 
nificantly as heel height is increased. The heel-to-ball 


length of the bare foot may or may not be shortened 
dightly when the subject stands with the heel raised 


either actively or passively. When shoes are worn, the 
shortening of heel-to-ball length may increase to twice 
that observed in the bare foot. This shortening occurs 

yssociation with elevation of the longitudinal arch 
{the foot by the shoe shank, accompanied by a hinging 
f the foot at the cuneonavicular and talonavicular 
articulations 

If the heel-to-ball design of a shoe does not correspond 
to the heel-to-ball shortening induced in the foot, sig- 
nificant malplacement of the foot in the shoe may occur 
Discomfort, corns, and calluses, and eventually deforma- 
tion of bone structures will result. Design of shoe lasts 
is based on empiricism since there are no quantitative 
lata to guide model makers. The response of normal 
feet to various heel heights, shank curve, and heel-to- 
tall relationships has yet to be precisely determined on 
1mathematical basis. Until this is accomplished, foot 
problems arising from the use of improperly propor- 
tioned shoes cannot be eliminated. The authors pro- 
pose to continue their studies in an attempt to define 
the specific relationships indicated on a mathematical 
basis 

One wonders about the wisdom and safety of the 
arge number of repeated x-ray exposures employed in 
this study on the two subjects and whether any protec- 
tive precautions were taken | a fee 

Four roentgenograms; 9 drawings; 4 tables. 

Joun F. Rresser, M.D 
Springfield, Ohio 


THE SPINAL CORD 


Gas Myelographic Studies in Syringomyelia. Gdéosta 
Klefenberg and Georg-Fredrik Saltzman. Acta radiol. 
52: 129-138, August 1959. (Serafimerlasarettet, Stock- 
holm, Sweden ) 
_ The authors examined the gas myelograms of 28 
patients with clinically characteristic syringomyelia, 
on these with 20 normal gas myelograms, as 
rn 0 bservations in 9 cases with intramedullary 
: oe ar mgg Without signs of syringomyelia. 
ment of th — concomitant occurrence of enlarge- 
™ the cord with the atrophy distal to the enlarge- 


ment is characteristic of syringomyelia. Syringomyelia 
with spinal cord enlargement but without atrophy could 
not be distinguished from an intramedullary expansive 
process of some other type 
Thirteen roentgenograms; 1 diagram; 1 table. 
THEODORE E. Keats, M.D 
University of Missouri 


Spinal Epidural Hematomas. Experiences with 
Three Patients. John J. Lowrey. J. Neurosurg. 16: 
508-513, September 1959. (Department of Nevrolog- 
ical Surgery, Straub Clinic, Honolulu, Hawaii) 

Twenty-one previously recorded cases of spinal epidu- 
ral hematomas unassociated with spinal fractures or a 
bleeding diathesis are listed and 3 new examples are 
reported. As in most of the cases from the literature, 
mild trauma or strain preceded the hemorrhage in these 
patients. Laminectomy and removal of clot was done 
in all 3 cases. Incomplete paralysis in 2 patients was 
followed by partial recovery of function; and complete 
paralysis in the third had persisted six months at the 
time of the report. 

Roentgenograms of the spine were not helpful in this 
condition. Lumbar puncture showed anything from a 
complete block to normal dynamics. Spinal fluid levels 
of total protein ranged from normal to several hundred 
milligrams per cent. Mvyelography was the most useful 
procedure, but even this may be normal, as in 2 of the 
accumulated series of 24 cases. 

One table EuGENE A. CornELivus, M.D 

Houston, Texas 


GYNECOLOGY AND OBSTETRICS 


Lymphocysts: A Complication of Radical Pelvic 
Surgery. Felix Rutledge, Gerald D. Dodd, Jr., and 
Filomeno B. Kasilag, Jr. Am. J. Obst. & Gynec. 
77: 1165-1174, June 1959. (The University of Texas 
M. D. Anderson Hospital and Tumor Institute, Hous- 
ton, Texas) 

The accumulation of fluid in the pelvic retroperitoneal 
space has been a serious complication following pelvic 
lymphadenectomy in the treatment of carcinoma of the 
uterus. The pool of lymph-like fluid produces varying 
pressure effects on the uterus, bladder, rectosigmoid, 
and blood vessels. 

In a series of 281 patients undergoing lymphadenec- 
tomy, lymphocysts developed in 68. Analysis of the 
incidence of lymphocyst formation in relation to the 
stage of the carcinoma, preoperative irradiation, or 
metastases to the regional nodes revealed no one factor 
that could be isolated as the causative agent 

While the presence of the cystic mass could be con- 
firmed by bimanual examination, the actual extent and 
significance of the collections were best appreciated by 
radiographic methods. Plain films alone are not reli- 
able, however, since the normal pelvic soft-tissue shad- 
ows have been obliterated or distorted by the lvymphad- 
enectomy and only the presence of large lymphocysts 
can be appreciated without a contrast medium. Effects 
upon the urinary tract and colon are readily shown 
by pyelography and barium enema examinations. 

The large and more incapacitating lymphocysts 
require drainage while the smaller, less distressing ones 
may be allowed to regress spontaneously. In all cases 
this complication produced prolonged postoperative 
disability. 

During the past ten to fifteen years there has been 
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revival of interest in surgical treatment of carcinoma 
of the cervix and a large number of pelvic lymphad- 
enectomies have been performed. Since this report 
is the second in the American literature dealing with 
lymphocysts following the latter procedure, it is possible 
that the incidence of this complication is substantially 
higher than has been recognized by the gynecologist or 
radiologist 
Eight roentgenograms; 7 tables. 
ROBERT L. EGAN, M.D 
University of Texas, Houston 


Radiographic Demonstration of Uterine Develop- 
mental Abnormality as a Cause of Abnormal Lie of the 
Fetus. M. G. F. Donnan. M. J. Australia 2: 402 
403, Sept. 19, 1959. (King Edward Memorial Hospi 
tal, Perth, Western Australia) 

Two cases are reported in which the upper border of 
the pregnant uterus was seen to be concave instead of 
convex, with the fetus lying transversely. At cesar- 
ean section the radiographic impression of subseptate 
uterus was confirmed. 

Two roentgenograms; 3 diagrams. 

Zac F. ENpREss, M.D 
Pontiac, Mich. 


The Etiology, Development, and the Effect upon 
Pregnancy of Protrusio Acetabuli (Otto Pelvis). H.H 
Francis. Surg., Gynec. & Obst. 109; 295-308, Septem- 
ber 1959. (Liverpool University, Liverpool, England ) 

During the past five years, 5 cases of primary acetab- 
ular protrusion (Otto pelvis) were recognized in women 
attending Liverpool Maternity Hospital and Mill Road 
Maternity Hospital, Liverpool. A sixth case was found 
in the gynecology ward 

Primary acetabular protrusion is of two types, osteo- 
and osteoarthritic. The former is char- 
acterized by rapid development at puberty, becoming 
static in a few years. No change is seen in the femoral 
head but secondary osteoarthritis may develop in 
middle life. In the osteoarthritic variety, the acetab- 
ulum, joint cavity, and femoral head show osteosclero- 
sis and osteophytes at an abnormally early age. Pro- 
trusion commences at puberty and may _ progress 
throughout life 

X-ray examination in the osteoasthenic type shows 
that the protrusion involves all ares of the acetabulum. 
Because of the regularity and symmetry of the acetab- 
ular outlines and the relative absence of osteoarthritis 
the protrusion is frequently overlooked. The roent- 
genographic appearances in the osteoarthritic type 
vary from case to case. The curve of the acetabulum 
tends to be irregular, the protrusion most often being 
maximal in the superomedial quadrant. The bony 
outlines lack the bilateral symmetry of the osteoasthenic 
type. The joint space is irregularly narrowed and osteo- 
phytes are common. The head of the femur 
moderate distortion, especially flattening of its upper 
surface, together with osteosclerosis and subchondral 
cyst formation 

A reduction in range of hip motion is a common sign 
and makes the lithotomy position difficult. The forepart 
of the pelvis is narrow, interfering with engagement of 
the fetal head so that an increased incidence of persistent 
oecipito-posterior positions and face presentations re 
sults. Obstructed labor has not been recorded as being 
caused by protrusio acetabuli alone 

Roentgenographic demonstration of acetabular pro 


asthenic 


shows 
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trusion in 6 relatives of one of the author’s patients 
tablishes the fact that primary osteoasthe ‘ 
is genetically determined. 
Seventeen roentgenograms; 1 diagram: 1 chart 
Davip Rircurp, MI 
University of Pennsylyay: 


Nic protnys, 


table 


THE GENITOURINARY SYSTEM 


On the Application of Tomography to Urologic Roc. 
genology. FE. Hajés. Fortschr. a. d. Geb. d Rontge; 
strahlen 91: 366-382, September 1959. (In Germ, 
(Medizinische Universitat, Budapest, Hungary) 

Tomography is used almost routinely in Fetroper 
toneal pneumography and renal arteriography. [t 
employed frequently in excretory urograp 
although the combined procedure yields sufficient i; 
formation to make retroperitoneal insufflation unnecs 
sary in most instances. 

In order to decrease lumbar lordosis, the examinati 
is carried out with the patient in the supine position, 
with lower extremities elevated and the knees flee 
Several tomographic sections are required to dem 
strate the entire kidney; for the enlarged kidney add 
tional levels are essential. In the thin patient the fu. 
crum is set at 6-7 cm., in the average patient at 7-8er 
and in the very obese at 8-10 cm 

With tomography, calcifications overlying the read 
shadows can be localized exactly. If a calcification 
seen distinctly at the level of the kidney, it lies with 
the kidney. In the pyelogram calculi in the collecting 
system may be obscured by the contrast medium. } 
superimposing tomograms taken prior to pyelogray 
on these pyelograms, the exact position of the calcific 
tion within the collecting system can be determin 
Tomography is also of value in the demonstration :/ 
hypoplastic and malformed kidneys and in tumors «i 
the kidney and surrounding retroperitoneal structures 
In examination of the collecting system, it can be usd 
with either excretory or retrograde pyelograp! 
Since the collecting system does not lie in a horizon 
plane, sections of several layers are necessary. Tit 
renal pelvis usually lies more ventrally than the calyes 
In hydronephrosis the entire collecting system is ds 
placed anteriorly. In horseshoe kidney, the position! 
the lower calyces is far anterior. The procedure § 
especially helpful in the diagnosis of renal calculi and: 
tuberculosis of the kidney 

Normally the ureter lies most ventrally at about tt 
level of L-4; its course from this point is in both direc 
tions dorsally. Parts of the ureters hidden by ti 
transverse processes or by the contrast-filled bladder 
are clearly seen on tomograms; even in nonobscures 
areas a small calevlus may be identified only by 


less 


means 
The author cautions against the use of too much cit 
trast material in examination of the urinary bladder 
since tomography cannot blur large dense areas. Le 
injection of gas around the bladder filled with contts* 
medium permits good visualization of the bladder = 
and is particularly useful in tumors of the wall and 
diverticula. 4 
By means of tomography, calcification in the prosta 
can be distinguished from the overlying symphys* 
Tomography of the seminal vesicles may disclose path 
logical changes not otherwise demonstrated. 
Twenty-eight roentgenograms 
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A Clinico-Radiological Study. 
Rev. cubana de pediat. 31: 
55 972, May; 361 376, July; 415-450, August 1959 
(ln Spanish ) (Universidad de La Habana, Habana, 


Nephrocalcinosis : 


Cuba) : ‘ . a ; 
In what the author believes is the first clinico-radio 


al study of nephrocalcinosis in Cuba, 14 cases are 
reported. Of these, 13 were demonstrated roentgenolog- 
ially and 1 was discovered at autopsy The condi 
tion was considered to be due to primary hyperpara- 
thyroidism in 3 cases (21.43 per cent); and to chronic 
pyelonephritis in 3 (21 13 per cent); in 1 case (7 per 
er it was associated with secondary hyperpara- 
thvroidism, and in 1 (7 per cent) with sarcoidosis 
Yo etiology was established in 6 patients (42.85 per 


logic 


cent 
Renal calcifications may be homogeneous or hetero 


Radiologically there are three types: corti 


geneous. Rie. 
A provisional 


«al, medullary, and corticomedullary. 
etiologic diagnosis can occasionally be made from 
alysis of the type and distribution of the calcium de- 
posits In most instances blood chemistry and _ uri- 
alysis permit the correct diagnosis 

Nephrocaleinosis does not mean a hopeless situation : 
its detection should be followed by a thorough clinical 
study, as in some cases the calcification is reversible or 
its progress can be arrested. Treatment is primarily 
etiological. It is suggested that some modifying factors 
f{ the connective-tissue ground substance, such as des 
\yeorticosterone acetate, may prevent further pro 
gression of the calcification 

Thirty-five roentgenograms; 2 photomicrographs; 
diagrams; 11 tables 


THE ADRENALS 


Idiopathic Adrenal Calcification in Infants and Chil- 
dren. J. Luther Jarvis and William B. Seaman. Am. 
J. Roentgenol. 82: 510-520, September 1959. (Colum- 
bia-Presbyterian Medical Center, New York 32, N.Y.) 

Calcification of the adrenal gland has been found in 
sociation with tuberculosis, Addison’s disease, Nie- 
mann-Pick’s disease, cysts, adrenal hemorrhage, and 
renal neoplasm (carcinoma, neuroblastoma, pheo- 
hromocytoma, and ganglioneuroma). It occurs also in 
infants without any apparent adrenal disease. Twenty- 
ix cases of such idiopathic calcification are reported 
lere 
In this series of 26 cases there were 17 males and 9 
females, ranging from five days to twelve years of age. 
in 19, calcification was an incidental roentgen dis- 
overy. Seven additional cases were revealed at nec- 
Topsy Necropsies were also performed on 3 of the 19 
patients in whom a roentgen diagnosis was made. 

In 14 cases, clinical follow-up ranged from three to 
twenty years without any evidence of adrenal disease. 
. 2 (of the 19) the adrenal calcification had been 
rs pe Bera pers 3 died shortly after 
ri J calcification. Sixteen had nega- 
"v€ cutaneous tuberculin tests and in 2 no tuberculin 
pe was performed. One patient with a positive tuber- 
cui test was found at necropsy to have pulmonary but 
no adrenal tuberculosis. ; 
oan was bilateral in 10 of the 19 cases. ‘It 

weaky apparent as irregular, discrete densities 
souped in triangular fashion. 
een aro the 10 children coming to necropsy had roent- 
mination during life. Adrenal calcification was 
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seen in 3. The fourth had calcification in a microscopic 
cortical adenoma. In 2 premature infants there was 
microscopic calcification. In another instance calci- 
fication was found in an aberrant pelvic adrenal gland. 
None of this group had clinical signs of adrenal insuffi- 
ciency or evidence of tuberculosis with the exception 
noted above. 

Calcareous deposits usually occurred in the inner por- 
tion of the cortex and medulla. The preservation of the 
outer cortical layers may explain the lack of adrenal 
insufficiency. 

Adrenal calcifications must be differentiated from 
calcification in gallstones, lymph nodes, costal car- 
tilages, and arteries. If calcification is unilateral, 
adrenal neoplasm must be considered. Neuroblastoma 
is the most frequently encountered calcified tumor of 
infancy and childhood (50 per cent). If there is a mass 
with adrenal calcification, neuroblastoma is the most 
likely diagnosis. Adrenal calcification without a mass 
makes idiopathic adrenal calcification more likely. 
Adrenocortical carcinoma is usually associated with 
Cushing’s disease or adrenogenital syndrome. Pheo- 
chromocytoma is uncommon in children. In 3 cases of 
adrenal calcification in Niemann-Pick’s disease, the 
calcification was massive and limited to the medulla. 
Addison’s disease is rare in childhood. 

Trauma and hemorrhage as a cause of adrenal calci- 
fication are emphasized. In 22 of 26 patients in the 
present series, there was an abnormal obsetetrical his- 
tory, including forceps delivery, prematurity, breech 
delivery, and excessive size (over 9 lb.) Anoxia is also 
implicated as a possible cause of adrenal hemorrhage. 

Eleven roentgenograms; 6 tables. 

MICHAEL LAzorEK, M.D. 
St. Vincent’s Hospital, New York, N.Y. 


TECHNIC 


The Dynapulse Method of Ultrashort (Millisecond) 
Timing and Improved Rapid Impulse Timing in Medical 
Roentgenography. Robert B. Funch. Am. J. Roent- 
genol. 82: 423-482, September 1959. (Germantown 
Hospital, Philadelphia 44, Penna. ) 

Exposure requirements are critical in angiocardiog- 
raphy for production of sharp images and _ elimina- 
tion of the blur of motion, and faster timing than is ob- 
tainable with conventional roentgen-ray equipment is 
desirable. Conventional equipment operating from a 
60-cycle power supply usually produces its shortest 
exposure at 1/60 second. Half-cycle exposures of 
1/120 second are possible with the use of an impulse 
timer, but this is the shortest exposure limit that can be 
accomplished without raising the frequency of the 
power-line supply. With a Dynapulse timer, exposures 
of 1/2,000 second to 5 milliseconds can be obtained. 
This timer, rather than employing a mechanical switch, 
makes and breaks the circuit in the secondary circuit of 
the high-tension transformer, using a controlled electron- 
flow vacuum tube as a contactor. 

Comparative tests of radiographic sharpness of mov- 
ing mechanical test objects subjected to 1/120 second 
and 1/1,000 second exposures revealed the motion to be 
“‘stopped”’ only by the more rapid exposure. In ordi- 
nary radiography, where no motion is encountered, no 
difference was found in the roentgen detail when these 
two exposures were used. In angiocardiography, the 
image is believed to be sharper at exposure levels ex- 
ceeding 1/60 of a second, but no radiographic superiority 
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was discernible between the 1/120 second and 1/1,000 
second angiocardiograms. In aortography and cere- 
bral angiography, no diagnostic advantage of milli- 
second timing over conventional methods was apparent. 
A side development of the Dynapulse method, however, 
has been the reduction in radiation exposure to the 
subject. 
Seventeen roentgenograms; 1 diagram. 
Joun W. Witson, M.D. 
Johnstown, Penna. 


Experiences with Retroperitoneal Air Insufflation 
(Retropneumoperitoneum). E.Sévényi. Radiol. clin. 
28: 198-211, July 1959. (In German) (I. Medizinal- 
wissenschaftliche Klinik der Universitat, Szeged, 
Hungary ) 

Presacrally injected air shows homogeneous distri- 
bution in the entire retroperitoneum, outlining the 
kidneys, adrenals, psoas margins, liver, spleen, and 
sometimes the large and small intestines, vena cava, and 
abdominal aorta. The pancreas is not demonstrated 
because the air cannot enter the peripancreatic space. 
Perirenal air insufflation must be done for each side 
separately. Since the retroperitoneal space communi- 
cates with the openings in the diaphragm, with the 
mediastinum, and with the suprapleural loose connec- 
tive tissue up to the deep neck muscles, the injected air 
can sometimes be localized in these regions. The site 
of injection is the relatively avascular presacral region 
and the injection is made either 1 cm. above the sacro- 
coccygeal joint or through the anococcygeal ligament. 
The latter method was used by the author. Oxygen, 
carbon dioxide, or air is employed as the contrast me- 
dium. The oxygen is absorbed in twenty-four hours, car- 
bon dioxide in three days, and air in four to five days. 

Retropneumoperitoneum is contraindicated in the 
presence of circulatory and coagulation disturbances and 
in acute abdominal disease. The most dangerous 
complication of the procedure is air embolism; in such 
cases the left lateral decubitus position could be life- 
saving 

At the author’s clinic, 62 patients have been examined 
by retropneumoperitoneum since 1953, with no appre- 
ciable side-reactions. In many cases the examinations 
were supplemented by retrograde pyelography and 
tomography. Abnormalities of the kidneys, adrenals, 
pancreas, and spleen were found in 24 cases. 

When a tumor of the adrenals was suspected and the 
organs were not adequately visualized on the routine 
films, a sagittal tomogram was made. In the author’s 
experience, the size of the adrenals can be almost def- 
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initely appraised on cuts of 1 em. Normally, the adr 
nals are of various sizes. The right is triangular wi 
adheres loosely to the upper pole of the kidney Th 
left is crescent-shaped and lies more medially, adhering 
tightly to the kidney. Enlargement of one or the othe 
adrenal can be simulated by a malignant tumor Of the 
upper portion of the kidneys, shadows of the fatty te 
sues, the right lobe of the liver, the spleen, and als y 
fluid in the gastric fundus. : 

Hyperfunction of the adrenal cortex can Calise ep. 
largement of the organ, but while the shadow can be 
more massive, morphological changes are usually - 
visualized. Tumors of the medulla cause morphologicd 
changes, and the organ is always enlarged and its out. 
line irregular 

Air in the retroperitoneum shows the outline, Dov 
tion, and enlargement of the kidneys. When reyj 
disease was suspected an intravenous pyelogram ané 
additional retrograde studies and tomograms were ob. 
tained. For the diagnosis of congenital lesions of th 
kidneys, if other methods fail, retropneumoperitoneun 
is helpful 

Pancreatic abnormalities can be demonstrated oply 
by lateral films and lateral sagittal tomograms Space 
occupying lesions of the retroperitoneum are usually not 
demonstrable due to the infiltration of surrounding 
tissues which do not allow the entry of air. Th 
smooth, well defined outline of a retroperitoneal tuma 
points to a benign process 

The author believes that for the demonstration of the 
retroperitoneal space air is best, because of its slower 
absorption; the examination, sometimes even days 
later, can be supplemented with retrograde tomograms 
splenoportography, etc 

Nine roentgenograms ILona D. Scott, M.D 

Lewisburg, W. Va 


Method for Direct Copy of Radiographs. Herma 
Wechsler, Bernard Rapoport, and David Lubin. J 
Urol. 82: 400-401, September 1959. (VA Hospital 
Bronx 68, N. Y.) 

The authors describe a simple and inexpensive meth 
of copying radiographs. The film to be reproduced i 
placed upon an x-ray illuminator with  fluorescett 
lamps and covered with an unexposed film held firm) 
in place for 45 seconds for Eastman Blue Brand filmant 
90 seconds for Dupont film. The film is then developed 
in the usual manner. If less density is desired in the 
finished copy, it is necessary to increase the exposure 
time. JosepH M. Wivstox, MD 

University of Pennsylvania 


RADIOTHERAPY 


New Horizons in Radiotherapy of Malignant Disease. 
Henry S. Kaplan. J.A.M.A. 171: 133-138, Sept. 12, 
1959. (Stanford University Medical Center, Palo 
Alto, Calif.) 

This article is one of general interest with notation of 
recent medical discoveries and recently developed 
technics which seem to offer promise for the future 
radiotherapeutic management of malignant disease. 
Comment is made on the availability of new sources of 
high-energy radiations and methods of more precise 
dosimetry. Developments in the understanding of 
cellular radiobiology may lead the way to favorable 
practical results. Mentioned in this connection are 


new methods of cell culture which may allow estimation 
of radiosensitivity of different groups and classes 
cells, with possible later development of a ration® 
procedure for determining the response of specific humat 
tumors. Studies in cell oxygenation in normal and i 
tumor tissues may permit development of methods t 


Further 


increase radiosensitivity of malignant tissues. r 
er 


possibilities include the use of chemical agents to ren 
tumor cells more radiosensitive. 

Of considerable interest is the mention of the prob- 
lem of centralization of radiotherapy care for patient 
with radiocurable cancer. ‘Although palliative ther 
apy can be carried out satisfactorily by most gener 
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the experience of many European radio- 
ters indicates that the patient with radio- 
er has the best chance for cure in cancer 
centers staffed by well trained physicians who limit 
their practice to full time radiotherapy. As a sup- 
porting argument the author notes the very high cost 
ofmany of the newer high-energy radiation sources, the 
wer including radiologic physi- 


radiologists, 
therapy cen 
curable canc 


need for ancillary services, 


cts, and the importance of careful comparison of 


various technics with regard to end results. 

Three roentgenograms; 2 photographs; 1 chart; 1 

table James W. BARBER, M.D. 
Cheyenne, Wyo. 


Leiomyosarcoma of the Uterus with Unusual Metas- 
tases. Ellery T. Drake and Glen D. Dobben 
TAMA. 170: 1294-1298, July 11, 1959. (G. D. D., 
The Henry Ford Hospital, Detroit 2, Mich. ) 

The authors report recurrence of a leiomyosarcoma of 
the uterus eighteen years after complete removal of the 
primary tumor. When originally seen, the patient was 
thirty-two years old. She complained of lower abdomi- 
val pain anda large pelvic mass was palpable. At opera- 
tion a tumor measuring 18 cm. in diameter was com- 
sletely removed without difficulty. Two weeks after 
the operation ‘deep x-ray therapy” was given (skin 
jose of 720 r to the pelvis on four successive days) 
After eighteen years of good health, the patient began 
to limp because of pain in the left thigh. Roent- 
gn examination disclosed bone destruction in the 
dt femur with pathological fracture. A mass was 
palpable in the left side of the abdomen. An intrave- 
nous pyelogram showed this to involve the left kidney, 
with deformity of the collecting system. At operationa 
arge tumor was found in the left retroperitoneal region. 
Biopsy material from the femur as well as from the 
kidney was histologically similar to tissue from the 
uterus removed at the original operation. 

About one year later proptosis of the right eye de- 
veloped, and at operation a retro-orbital tumor was 
fund. Again the microscopic appearance was similar 
to that of the original tumor. Palliative x-ray therapy 
tothe femur as well as to the abdomen was given with 
good results. The patient subsequently died quietly at 
tome, having survived three years after onset of symp- 
toms of the terminal illness. There was no autopsy. 

Four roentgenograms; 4 photomicrographs; 
photograph. D. D. ROSENFELD, M.D. 

Los Angeles, Calif. 


_ Primary Malignant Melanoma of the Vagina. Donald 
R. Freund, Eugene E. Kegel, and John H. Dugger. 

im. . & Gynec. 78: 290-294, August 1959. 
Episcopal Hospital, Philadelphia, Penna. ) 

The authors present 2 cases of primary malignant 
melanoma of the vagina, bringing the total number of 
ported cases to 30. Both patients were elderly white 
"omen; both sought medical aid for vaginal bleeding. 
Because of poor cardiovascular status, contraindicat- 
ue Surgery, treatment was with Co™. A tumor dose 
M 6,000 T caused regression of the primary tumor in 
cach lmstance and stopped the vaginal bleeding, but 
— developed with death ensuing within seven 
months, 
ae” controversial, but surgery with wide 
node ton primary lesion with or without lymph 

secon is generally recommended. Death, 
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however, usually occurs within a year. One patient is 
said to have survived fifteen years in spite of local re- 
currence four years after original treatment (Mino et 
al.: Am. J. Obst. & Gynec. 56: 325, 1948). 
A complete list of references is included. 
Two photomicrographs. Ropert L. EGan, M.D. 
University of Texas, Houston 


Sacrococcygeal and Vertebral Chordomas and Their 
Treatment. Hugo Rosenqvist and Georg-Fredrik 
Saltzman. Acta radiol. 52: 177-193, September 1959. 
(Radiumhemmet, Stockholm, Sweden) 

Chordomas are difficult to treat. Not one in a series 
of 200 collected cases could be reported as cured, 
though some showed long control periods which may 
have been due to the naturally slow growth of this 
neoplasm. These tumors are believed to arise from 
remnants of the notochord and occur most commonly in 
the midline, in the sacrum (50 per cent), base of the 
skull (40 per cent), and rarely in the vertebrae. They 
are generally considered to be radioresistant. 

The authors report 16 cases. Trauma as a causative 
factor was discounted in 7 cases because the time period 
varied from months to years. The case histories ex- 
tended from six months toseven years. Though metas- 
tases are said to be unusual (10 per cent of all cases), 
they were clinically established in 3 of the present series, 
being proved histologically in 1. 

All but 1 patient in this group received roentgen 
therapy. Ten were treated also by surgery. In 
general, irradiation was given at 170 kv, in total dosage 
of 2,500 to 3,200 r. Repeated series were used in some 
instances. Two patients had recently received tele- 
gamma arc therapy, with cobalt 60, following recur- 
rence of symptoms after earlier roentgen therapy. 

The effect of radiotherapy alone could be assessed in 
7 cases. Complete or very satisfactory alleviation of 
pain was achieved in all of these, and all tumors except 
one definitely decreased in size, but in no instance was a 
curative effect obtained. 

Preoperative irradiation was given in one case— 
about 3,500 r to the center of the tumor in eighteen 
days. Operation was performed ten weeks later but 
was not histologically radical. Recurrence developed 
in eighteen months. Effects of postoperative irradia- 
tion were difficult to assess, but this form of treatment 
is not considered to have been “‘particularly attractive.” 
Supervoltage therapy appears promising, but the prox- 
imity of the rectum and spinal cord in many instances 
calls for extreme caution in depth dose determinations. 

Sixteen case reports, brief and interesting. 

One diagram. JESSHILL Love, M.D. 

Santa Barbara, Calif. 


The Use of the Rad in Clinical Practice: A Contribu- 
tion to a Symposium at the British Institute of Radiol- 
ogy, November 20, 1958. C. W. Wilson. Brit. J. 
Radiol. 32: 584-586, September 1959. (Westminster 
Hospital, London, S. W. 1, London, England). D. E. 
A. Jones. Brit. J. Radiol. 32: 586-587, September 
1959. (Mount Vernon Hospital and the Radium In- 
stitute, Northwood, Middlesex, England). F. Ellis. 
Brit. J. Radiol. 32: 588-595, September 1959. (Church- 
ill Hospital, Oxford, England) 

The three authors whose names appear above contrib- 
uted to a symposium presenting different ideas as to 
the use of the rad as a unit of radiation dose 

Wilson classifies himself among the “reluctants’ 
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who feel that the universal acceptance of the rad in 
clinical practice would only add further ‘‘ambiguities”’ 
to an already ambiguous situation. He feels that in the 
light of our present knowledge, we are not able to say 
exactly what is the biologically and clinically significant 
absorbed dose in all cases. Reasons for this attitude in 
view of the wide range of modalities employed in 
radiotherapy are offered. 

Included in the paper is a useful table which provides 
an outline of the rad equivalent to 1,000 r for various 
therapeutic electromagnetic radiations for muscle, fat, 
bone (average), and compact bone. The values pre- 
sented are based upon measured energy and absorption 
data which were determined in 1946. The author uses 
this table in his own therapy center. 

One table GEorGE C. Barrett, M.D. 

Bowman Gray School of Medicine 


Jones had made a limited survey, on behalf of the 
Scientific Subcommittee of the Hospital Physicists’ 
Association, of the use of roentgen/rad conversion 
factors at some of the larger British radiotherapy cen- 
ters. His conclusion was that, for the time being, ex- 
posure dose was likely to be a much more satisfactory 
basis for comparison than the use of the rad, particu- 
larly for conventional x-ray qualities and for bone and 
its soft-tissue components. 

With respect to soft tissues, with the possible excep- 
tion of fat, acceptable conversion factors may be cal- 
culated to two significant figures for all photon exergies 
presently of clinical importance. The problem is much 
greater in regard to bone and is not yet solved. There 
are several sources of uncertainty, including the differ- 
ence between conversion factors for bone tissue proper 
and for the soft tissue contained within bone. This 
difference in factors increases with reduction in energy 
of the primary beam. In addition, there is a factor of 
change in quality of the beam with increasing depth in 
the tissues. Because of the various physical, bio- 
chemical, and other factors which enter into the even- 
tual biological effect of a given beam on a given tissue, 
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it is felt to be premature at the present State 
knowledge to go over to the rad as a unit for 
dosage in conventional roentgen therapy. 
The use of the rad in the determination Of soft-tisey 
dose in isotope beta-ray therapy is of advantage h e 
ever, since the absorbed energy can usually be evaluat 
with accuracy. There is also something in favor of 
rad for high-energy gamma and x-ray beams, since ti 
incident dose cannot be expressed in roentgens and th 
range of uncertainty in the case of bone is greatly ¢ 
minished. , 
The conclusion is that it is far better to appreciate) 
practical meaning of the roentgen than to adopt a ney 
unit which is ‘‘of little clinical significance” at present 
Damon D. Brake, M) 
Bowman Gray School of Medicize 


of oy 
Clinic: 


Ellis believes that the rad should be accepted as th: 
preferred unit for stating dose and presents an excelle: 
case in its favor by pointing out that only by its ady 
tion can different centers accurately compare the: 
cases. A given physical dose expressed in rads and ¢: 
livered with the proper time dose relationship sho: 
produce the same biological effect in all centers that ys 
radiation therapy. While the variables that may ent: 
into the calculation of dosage cannot be complet 
eliminated, they can be better controlled by standardiz; 
tion of technics for dose measurement and of dos 
calculations. It is pointed out that only throught 
use of rads can summation of dosage from differex 
radiations be carried out. The relative biological efi 
must, of course, be considered in this. 

A further argument for the use of the rad is the! 
that it has been endorsed by the I.C.R.U. 

Several charts and graphs accompany this coatri 
tion, the one of greatest interest being Table I], whi 
depicts the energy absorption for various radiat 
qualities in different scattering media 

Seven figures; 5 tables. 

WALTER E. Deyrton, M.D 
Bowman Gray School of Medici 


RADIOISOTOPES 


Use of Radioactive Iodine in the Diagnosis of Thyioid 
Disorders. A. W. G. Goolden. Brit. M. Bull. 16: 
105-112, May 1960. (Hammersmith Hospital, London, 
England ) 

The problems involved in the interpretation of the 
results of I'%! tests are discussed in some detail. In 
practice, difficulties arise in only a small proportion of 
the patients studied. I'%! tests are on the whole very 
satisfactory for detecting hyperthyroidism and are 
particularly helpful in patients with thyrocardiac 
disease with few of the signs or symptoms of thyrotoxi- 
cosis 

It is unreasonable to expect that any I'*! test will 
distinguish every patient as being either euthyroid or 
hyperthyroid. Clinical experience shows that there is no 
sharp transition between these states. In doubtful 
cases the diagnosis is usually resolved by observing 
whether there is any response to treatment with an 
antithyroid drug. 

In the diagnosis of hyperthyroidism, early or inter- 
mediate estimations of thyroid uptake and PBI!*! tests 
appear to be equally reliable. An early uptake test, 
although requiring an intravenous injection, is conven- 


ient for the patient and is completed within half 


hour. An excretion test as the T index (Fraser ¢ 
Quart J. Med. 22: 99, 1953), though less convenient i 
the patient, compares favorably with other tests pr 
vided that accurate collection of urine is ensured, bi! 
results are sometimes invalidated because of incompit 
collection. In the diagnosis of hypothyroidism | 
excretion test is usually more reliable than other! 
tests. ‘ 

As a general rule, an uptake test employed inc 
junction with a PBI!*! test is the most satistactir 
method of assessing thyroid function. The combinatt: 
of a high uptake and a high PBI'*! value is nearly & 
ways due to thyrotoxicosis. A suppression test wi 
tri-iodothyronine may be used if further confirmation ; 
needed. Patients who have been treated with . 
are less easily assessed, since the PBI'*! is of no diagns 
tic value, and a high uptake may occasionally pes® 
despite a return to the euthyroid state 

Two figures; 1 table. 

[This is one of 15 papers comprising a syMP $ 
The Thyroid Gland by 20 British authorities who & 
conducting original work. For the most part the} 


sium 0: 
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search they themselves have been carrying 


scribe the re : 
“ aluating research being 


it, as Well as reviewing and ev 


conducted in other countries. | 


[Labelled Fat in the Study of Lipid 
in Patients with Coronary Artery Disease. 
Jonas Brachfeld, Herschel Sandberg. 
Am. J. Med. 27: 231-240, August 


Use of 
Handling 
Robert H. Seller, 
and Saniuel Bellet 


1959 (Philadelphia General Hospital, Philadelphia 40, 


Penna. ) : : ae aot 
For a study of the handling or disposition of lipid in 


patients with coronary artery disease, 51 L agerennnge its 
men between the ages of nineteen and fifty-three (20) 
normal” subjects; 21 with documented previous 
mvocardial infarction; 10 patients with abnormalities 
but no evidence of infarction) were given a test meal 
containing a small amount of radioactive I'3!_Jabeled 
glyceryl trioleate Serial blood samples were drawn 
after ingestion of the isotope to determine the total 
circulating radioactivity contained in the whole blood 
and in the trichloroacetic acid precipitable fraction 
This was reported as percentage of ingested dose. 

At peak time and at twe itv-four hours, the differen- 
ces between the mean levels of radioactivity obtained in 
the control group and those in the group with myocar- 
dial infarction were statistically highly significant (p 
c0.0005). There was little overlap and a high degree 
of separation. An abnormal response to the test was 
demonstrated in every patient who had had myocardial 
infarction, althovgh many in this group had normal 
rum levels of cholesterol, lipid phosphorus, and alpha 
ind beta lipoproteins. There was no significant rela- 
tionship between test values and age or weight. 

The results of the test in the 10 patients with abnor- 
malities such as hypercholesteremia, marked obesity, 
ud intermittent claudication, are also presented. 

The clinical significance and possible applications of 
the test are discussed 

Two figures; 6 tables 


Surface Back-Scatter for Rectangular Fields in the 
Quality Range from a Half-Value Layer of 1 mm. of Al 
toCobalt 60 Gamma Radiation. M.L. Emmett. Brit 

Radiol. 32: 615-616, September 1959. (Bristol 
Royal Hospital, Bristol, England ) 

In order to obtain the skin dose rate with a particular 
ipplicator the air dose must be multiplied by the surface 
backseatter factor, which depends on the quality of the 
radiation as well as the size and shape of the irradiated 
ied. The author points out that there are no data 
available for elongated fields in the half-value range of 
lto8mm. Al or for cobalt-60 radiation and that valves 
ior the range of 1 to 5 mm. Cu mvst be calculated by 
we of the elongation correction graph of Jones 

The author relates that there is a similarity in the 
graphs representing the relation between area and scat- 
(er (expressed as a percentage of the primary beam at 
the surface) for the above radiations. Further he 
stows that for each of these qualities and depths, if the 
percentage scatter is multiplied by a factor, Fs, and the 
area multiplied by another factor, Fa, the area scatter 
graphs become almost identical (a table of Fs and Fa for 
the above qualities is included). Thus the scatter at 
the centers of rectangular fields for a particular half- 
Value layer and depth may be easily converted to give 
‘milar information for any half-value layer and depth 

Two figures; 1 table. RICHARD L. WITCOFSKI 

Bowman Gray School of Medicine 
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Disseminated Demyelination of the Brain Following 
Co® (Gamma) Radiation. P. Lampert, M. I. Tom, 
and W. D. Rider. Arch. Path. 68: 322-330, Septem- 
ber 1959. (Division of Neuropathology, University of 
Toronto, Toronto 5, Ont., Canada) 

A case of delayed demyelination and necrosis of the 
brain following Co irradiation is reported. In March 
1953, a basal-cell carcinoma was removed from the left 
external auditory canal of a 32-year-old woman. Post- 
operatively the external canal was treated by means of a 
radium applicator, a surface dose of 1,000 r being de- 
livered in a period of forty-five minutes. For three years 
the ear remained normal. Pain and discharge from the 
ear then developed and a fleshy mass could be seen 
filling in the canal. A left radical mastoidectomy was 
performed in February 1956; histologic examination of 
the specimen showed recurrent basal-cell carcinoma. 
By August 1957, the recurring tumor had spread to in- 
volve the tragus and preauricular region. From Aug. 
29 to Sept. 26, 1957, the patient was treated with Co® 
through a single 6  6-cm. field directly over the left 
ear. A tumor dose of 5,000 r in a period of four weeks 
was believed safe and, at the same time, tumor-lethal. 
The depth of the tumor was considered to be 3 cm. (87 
per cent depth dose). Physical factors were: h.v.1. 11 
mm. Pb; dose rate, 34.97 r/min.; 20 treatments in 
twenty-nine days; daily dose 288 r, toa given maximum 
of 5,750 r (100 per cent). 

On Dec. 12, 1957, the patient was admitted to the 
hospital with a two-week history of blurred vision, 
followed by diplopia, nausea, and vomiting; she also 
complained of slurred speech and difficulty in walking 
and swallowing. Recurrent tumor within the posterior 
cranial fossa was considered to be the most probable 
explanation for the clinical state, but ventriculography 
on Dee. 17 disclosed no abnormality. The same 
day the patient became akinetic and mute. She re- 
mained in decerebrate rigidity until her death on Dec. 
27. Postmortem examination of the brain revealed 
disseminated plaques of demyelination with central 
necrosis and occasional petechial hemorrhages. These 
areas were strictly within the beam of Co” and more 
numerous closer to the source of radiation. The lesions 
could not be explained on an ischemic basis secondary to 
degenerative and obliterative changes of the blood ves- 
sels. 

The possibility of an autoimmune reaction localized 
to the irradiated brain tissue is discussed. 

Fight figures. 


Cancer Palliation. Extracorporeal Pump Perfusion 
of Radioactive Isotopes and Nitrogen Mustard as Ad- 
juncts to External Radiation Therapy. Robert C. 
Hickey, Charles A. Johnson, Titus C. Evans, and David 
Alftine. Arch. Surg. 79: 416-426, September 1959. 
(State University of Iowa College of Medicine, lowa 
City, Iowa) 

An attempt was made to perfuse a localized body 
segment with an extracorporeal pump in an effort to 
assess the delivery of cancericidal materials to such a 
segment. Five human subjects with various types of 
lower extremity neoplasms were thus treated. In every 
instance the distal superficial femoral artery and vein 
were cannulated above the knee with polyethylene 
catheters which were attached to a pump which was 
used for circuit perfusion through the extremity. A 
tourniquet was applied above the segment in an attempt 
to localize the perfusions to the area and to prevent 
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systemic contamination with the perfused material. 
The pump system was filled with 400 ml. of heparinized 
isotonic solution to which nitrogen mustard was added, 
as well as radioactive phosphorus (P*?) or radioactive 
gold (Au'8). During the same period roentgen ther- 
apy or cobalt (Co) teletherapy was given 
Although the patients suffered from a variety of ma- 
lignant lesions and thecontrols were complicated because 
of the complexities of the therapy, the authors received 
some clinical impressions. They believe that P*? and 
Au’ are potentially hazardous for use in therapeutic 
amounts. They thought that there were some salutary 
effects from perfusion of nitrogen mustard with external 
irradiation given during the same period. They were 
sufficiently encouraged to think that further trials with 
an extracorporeal pump for localized perfusion are 
justified 
Fight figures MorTIMER R. CAMIEL, M.D. 
Brooklyn, N. Y 


Liver Blood Flow in Man; Studies Utilizing Radio- 
active Colloid. I. Normal Values. George L. Nardi, 
Hugo M. Palazzi, and Marie-Louise Levy. Gastro- 
enterology 37: 295-298, September 1959. (Massachu- 
setts General Hospital, Boston 14, Mass.) 

Hepatic hemodynamics were studied in 21 normal 
subjects with P**-tagged chromic phosphate. Two 
to four microcuries of the radioactive compound were 
injected intravenously, and heparinized blood samples 
were then withdrawn after two, three, four, six, eight 
and ten minutes for counting. Counts per minute were 
plotted on semilogarithmic paper as a function of time 
and the best straight line was fitted to the points. The 
slope of this line represents the fraction of the patient’s 
blood volume perfusing the liver per unit time and has 
been termed the colloid disappearance rate constant, k. 
Blood volume determinations were done simultaneously 
by combining blue dye with the isotope. K multiplied 
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by the blood volume gives the liver blood flow in | 
per minute. Normal values of 1,400 c.c. per minute's 
women and 1,600 c.c. per minute in men Were & 
tablished. a 
This paper presents the authors’ technic and cle 
tions in detail and should be read in the original}, 
those planning to study hepatic hemodynamics be a, 
isotope method. cif 
One table. 


Maj. Martin A. THoas, MC 
MacDill AFB, Tampa, F| 


Dynamics of Bone Healing and its Effect on the sj 
etal System in Vivo Using Strontium® and Calcjun: 
H. Koenig and John H. Heller. Surg., Gynec. & (hy 
109: 351-354, September 1959. (New England [p. 
stitute for Medical Research, Ridgefield, Conn.) 

Strontium 85 and calcium 47 can be used interchang. 
ably to measure the dynamics of bone healing in man. 
ally induced fractures between the head and shaft 
the tibia of test rats. Because of its availability ¢4 
Cl. was used in the experiments reported here. It ys 
injected subcutaneously and the uptake measured with 
a gamma ray spectrometer 

Immediately after fracture there is a loss of miner 
not only from the fracture site, but from the entire nor. 
mal skeleton. This is followed by a stimulus to x. 
mineralization between the fourth and the eighth dy 
in both regions. At the end of the eighth day this 
stimulus is lost and it was found that the apparest 
demineralization of the normal bones follows a curv 
opposite to that of the maximum mineral uptake at the 
fracture site; 7.e., mineral deposition is elevated at the 
site of fracture with loss of mineral from the norm 
The uptake and loss of Sr* for both areas enter 
Beyond this 


bones 
the normal range at about three weeks. 
time the physiologic steps leading to firm union cannit 
be quantitated by this method. 

One figure CARL Kaptan, M.D 
University of Pennsylvania 
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Leukemia in Children Exposed to Ionizing Radiation. 
Robert Murray, Philip Heckel, and Louis H. Hempel- 
mann New England J. Med. 261: 585-589, Sept. 
17,1959. (University of Rochester School of Medicine, 
Rochester, N. Y.) 

Names of 6,473 children in Monroe County, New 
York, given x-ray therapy since 1930 were checked 
against the New York State Department of Health 
Cancer Registry to determine the incidence of leukemia 
occurring in this irradiated population. The irradiated 
group represented about one-fortieth of the children 

| born in the county 

In agreement with previous investigations, the inci 

‘dence of leukemia was found to be higher among irra- 

diated than among nonirradiated children. There 
, were 8 deaths from leukemia, all among those receiving 
so called ‘‘deep” therapy for enlarged thymus, pertussis, 
and lymphoid hyperplasia. No leukemic death occurred 
in some 2,400 who had been treated for such skin 
lesions as hemangioma. The probability of these 8 
deaths oecurring on a chance basis in a group in which 
2 leukemic deaths would normally be expected is less 
than 1 in 1,000 

Conversely, a retrospective study of leukemic child 
ren in Monroe County was conducted to determine 


prenatal and postnatal exposure Interviews wer 
obtained for 65 of the 75 children dying of leukemu 
between 1940 and 1947. Identical interviews were co- 
ducted with parents of 65 control children dying of no 
malignant causes. In addition, parents in both groups 
were asked the same questions about 2 siblings neares 
in age to the study child. It was found that exposurt 
of leukemic children to the x-ray sources investigate 
versus the exposure of matched deceased controls and 
living siblings was higher only for so called “deep” x-13) 
therapy ya 

Prenatal exposure was not found to be high in the 
small sample of cases of leukemia. However, siblings 
leukemic children had received slightly more than twict 
as much fetal irradiation as was found in sampling the 
entire county. This suggests that, when all pregnancs 
are considered, mothers of the leukemic children 
Monroe County experienced more complications mec 
sitating radiologic procedures than did the contre 
mothers. There were insufficient cases to permit st 
tistical analysis of the interval between radiation 
posure and onset of leukemia. 

One graph; 2 tables. 

CHARLES M. Greenwatp, M.D 
St. Cloud, Minn 
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Human Bone: The Dose in Microscopic 

R. E. Rowland and J. H. Marshall 
+ 299-313, September 1959. (Radio- 
Argonne National Laboratory, 


Radium in 


Radiation Res 11 2 
tical Physics Division, 
temont, Ill.) : : 

In order to gain a more complete understanding o 
+e role of radiation dose in chronic radium toxicity, a 
the i 


ntitative study was made of the distribution of 
uar ? 


q 


2% jn microscopic volumes of bone. For this purpose 
bone from persons who acquired radium either ther- 
oetttically or through industrial exposure and carried 
tforat least twenty years was examined. The technic 


employed was that of quantitative a-track autoradi- 
zraphy The distributions are expressed as terminal 
se rates, in units of rads per day. 
“The activity in the diffuse distribution of radium was 
found to be relatively uniform in cortical bone. The 
werage magnitude of this activity is about one-half of 
hypothetical uniform distribution, 7.¢., the body 
en divided by the bone weight. 

specific activities found in the hotspots, char- 
terized by intense concentrations of radium, were, on 
the average, ninety times as great as that in the diffuse 
‘istribution, or thus about forty-five times as great as a 
nothetical uniform distribution. 

From a calculated blood curve, constructed to de- 
vibe the disappearance of Ra?% from the blood of 

se patients who received equal weekly injections of 
RaCh, it was possible to predict the specific activity at 

ich the hotspots were formed. Since the terminal 
tivities are less than one-tenth this value, the authors 
sume that a long-term exchange process may have 
removed nine-tenths of the original activity over a 
twenty-six-vear period 

Three figures; 5 tables 


Observations on the Dose from Dental X-Ray Pro- 
cedures, with a Note on Radiography of the Nasal 
Bones. G. M. Ardran and H. E. Crooks. Brit. J 
Radiol. 32: 572-583, September 1959. (X-Ray De- 

nt, Medical Division, A. E. R. E., Harwell, 


The basic principles of x-ray protection involved in 
lental radiography are again outlined and discussed. 
{comparison is made between the traditional plastic 
ned dental unit and a modern dental unit (the Wat- 
Kingsway’’ Unit) designed to obtain a small skin 

se, gonadal dose, and integral dose to the patient. 
The “Kingsway” unit incorporates heavier tube shield- 
ng, built-in filtration, and a choice of a 2-inch-diameter 
$1/2inch F.S.D.) or a 1-inch-diameter (10 1/2-inch 
FSD.) brass tube cone. The superiority of this 
achine over the traditional models is self-evident. 

The authors suggest that the present British radia- 
ton limits for leakage of diagnostic tube housing (100 
mar per hour at a distance of 1 meter, identical with 
‘hose in the N.B.S. Handbook 60) are probably too 
Dera for dental units. This type of radiation, they 
tleve, contributes significantly to the gonadal dose in 
routine dental radiography. 

A comparison of the diagnostic quality and relative 
speeds of the commonly available dental film and 
“teen film combinations, and critical examination of 
ental darkroom technic are included. 
‘ls article is an exhaustive coverage of the subject 
= deserves the attention of all dental radiographers 
“NC designers of dental x-ray units. Reference is made 
‘ae study by Gorson et al. on this subject (Radiology 


72: 1, 1959) and their recommendations are endorsed. 
Nine figures; 8 tables 
Josepyu E. Wuirtey, M.D 
Bowman Gray School of Medicine 


Injury and Repair Following Irradiation of Salivary 
Glands in Male Rats. C. P. Cherry and A. Glucks- 
mann. Brit. J. Radiol. 32: 596-608, September 1949. 
(Strangeways Research Laboratory, Cambridge, Eng- 
land ) 

Local roentgen irradiation was given to the salivary 
glands of rats with the aim of studying the processes of 
injury and regeneration with particular reference to the 
effect on differentiation of the regenerating glands. In 
most of the rats 850 r daily was delivered to the gland 
region for four consecutive days at 200 kv, and the sali- 
vary glands were removed for study at intervals from 
one hour to one year. A temporary decrease in gland 
size and weight during the first month was followed by a 
second decrease beginning at about five months. This 
sequence paralleled the microscopic findings of a critical 
period (three months) of predominantly degenerative 
changes followed by a phase of regeneration and repair 
(fourth and fifth months). In all 3 glands the acini were 
affected most and the excretory tubules least. In the 
parotid, only the acini showed regenerative activity, 
and repair of the injury followed low (under 3,000 r) but 
not high doses of radiation. This ‘‘all-or-none’’ re- 
sponse is not observed in the submandibular and 
sublingual glands, in which partial and unsuccessful 
regeneration of acini elicits excessive proliferation of 
intercalated ducts, leading to the formation of adeno- 
mas. Whether malignant progression occurs in these 
adenomas is under investigation. The different re- 
sponse of the parotid may be linked with the higher 
mitotic index of its acini. 

The differences in response of various glandular com- 
ponents in a given gland and from one gland to another 
are described, and the relation of the radiosensitivity 
of the various components to their mitotic and fune- 
tional activities and to their regenerative pattern is 
discussed. 

Twenty-one photomicrographs; 1 diagram; 3 tables. 

WituraM A. CoveLL, M.D 
Bowman Gray School of Medicine 


Bone Marrow Transplantation and Chemical Pro- 
tection in the Radiotherapy of Mouse Leukemia 
(Preliminary Communication ). Emanuel E. 
Schwartz. Acta radiol. 52: 235-240, September 1959. 
(Oak Ridge National Laboratory, Oak Ridge, Tenn.) 

Measures that increase the tolerance to radiation con- 
stitute means of enhancing tumor therapy. The 
author attempted to extend the radiation-induced 
survival of mice, in which he had transplanted lym- 
phomas, by using isologous bone marrow or the chemi- 
cal protective agent AET. It was found that the mice 
receiving isologous bone marrow following irradiation 
could tolerate increased exposures and lived longer 
than those treated with sublethal doses of roentgen 
rays alone. The mice treated with AET could also 
tolerate increased amounts of radiation and one of 2 
animals with transplanted lymphoma showed prolonged 
survival. The author also found that fractionated or 
protracted irradiation was not significantly more ef- 
fective than a single exposure under the conditions 

Epwin F. Kocn, Jr., M.D. 
Indiana University Medical Center 


tested. 
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Autologous Bone-Marrow Implantation after Fast 
Neutron Irradiation of Dogs. FE. L. Alpen and S. J. 
Baum. Radiation Res. 11: 383-389, September 1959. 
(U. S. Naval Radiological Defense Laboratory, San 
Francisco, Calif. ) 

Eleven dogs exposed to normally supralethal doses of 
neutrons (470 rads) produced by the ,Be%p,7);B9 
reaction at the 60-inch Crocker Laboratory cyclotron 
were injected with autologous bone marrow collected 
before radiation exposure. Injection of 1 to 2 x 10% 
nucleated cells immediately after radiation provided 
protection adequate for the survival of 7 out of the 11 
exposed animals. The other 4 dogs died a characteris- 
tic ‘gastrointestinal’ death with a survival time of 3.7 
days; this finding provides strong additional evidence 
for a suggested high effectiveness of neutron radiation 
on gut tissues 

Hematological studies indicate that reimplanted mar- 
row grows successfully after irradiation with neutrons 
and supports previous observations in the authors’ 
laboratory that dogs can be provided with hematological 
protection after x-ray doses as high as 600 r (Alpen and 
Baum: Blood 13: 1168, 1958. Abst. in Radiology 73: 
669, 1959) 

Three figures; | table 

Effects of Dose-Rate and Protraction: A Symposium. 

I. Patterns of Response to Whole-Body Irradiation: 
The Effect of Dose Intensity and Exposure Time on 
Duration of Life and Tumour Production. R. H. 
Mole. Brit. J. Radiol. 32: 497-501, August 1959. 
(Medical Research Council Radiobiological Research 
Unit, Harwell, Didcot, Berks., England) 
Obser- 
vations on the Rat Intestine. H. Quastler, J. P. M. 
Bensted, L. F. Lamerton, and S. M. Simpson. Brit. J. 
Radiol. 32: 501-512, Avgust 1959. (J. P. M. B., Royal 
Cancer Hospital, London, S. W. 3, England) 

III. Problems of Injury and Repair in Tissues and 
Cells: AReview. G. Payling Wright. Brit. J. Radiol. 
32: 512-516, August 1959. (Guy's Hospital Medical 
School, London, S. E. 1, England ) 

The three papers listed above were presented 
Symposium at the Annual Congress of the British In- 
stitute of Radiology in December 1958. 


II. Adaptation to Continuous Irradiation: 


as a 


Mole opens the Symposium with the statement that 
“there seems to be a basic difference of approach be- 
tween those who are trying to improve radiotherapy 
and those who are trying to understand the ways in 
which unwanted exposure to radiation can lead to 
harm.”’ The aim of the therapist is often to destroy 
something selectively, and what matters is how com- 
pletely the pathological lesion can be eradicated. Of 
fundamental importance are the mechanisms by which 
radiation kills cells or prevents their further division. 
When considering the harmful effect of unwanted 
irradiation, however, it is not of primary importance 
what the mechanisms of cell death or of interference 
with cell division are, or how many cells are so affected, 
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provided that some cells survive and can m 
replace those that are missing. Zz 

Many of the effects produced by daily irrg fia 
pend on a balance between daily depletion apa 
replacement of cells. During the initial stg 
radiation exposure a degree of damage develop 
with continued exposure the damage, insteg 
gressively increasing, appears to reach a Steady sty ‘ 
least for a time. This occurs for only a smalls 
daily dose, about four- to eight-fold, the ‘damagil 
from barely measurable to gross. (With daily) 
larger than this, the damage pri gressively ine 
complete functional failure.) These effects 
pendent of dose-intensity during irradiation, 
free time between the individual exposures, 
(linear energy transfer). Increasing the over 
in which a fixed total dose is given always reduge 
effect. 

A contrasting pattern of response is found ig 
lethal radiation Gamage in mice. The degree 
shortening depends on the incidence of leukemi 
this type of response, increasing the overall tim 
creases the effect of a fixed dose, and dose-inte 
the individual radiation exposures may be q 
tively important. 

Four figures; 1 table. 


Quastler and his associates describe an expefil 
which male rats received continuous YS ae 
diation at dose rates of 84, 176, and 415 rads pers 
Radiation injury appeared soon in = intestinal 
and villi, but was not progressive. A steady § 
veloped at each dose rate. Since it is known 
diation can induce increased ploidy, and that 
sometimes accompanied by an increase in radi ie 
ance, it is possible that this is the meeh 
adaptation, as has been suggested by Sparrow 

Thirty-four photomicrographs; 2  diagrai 
graphs; 2 tables. 

Wright points out that, unless the damage is 
severe, animal cells respond to injury with @ 
parative reaction. If given time to recover fully 
can endure with success a second assault, butt 
repair is complete they will be more vulnerable. 
may also attain some incomplete stage in repait 
halt there, sometimes appearing more susceptible? 
sometimes more resistant to a second assaults 
example of the latter phenomenon is repeated sila 
vaccination 

If polyploid cells are more radioresistant, i 
might lead to a differential mortality between Gi 
inal diploid and the polyploid cells. Thus, the it 
epithelium might be repopulated by less 
cells. 

It is not, however, necessary to postulate # 
epithelium has undergone any selectively rai 
sistance. Many substances which are lethal 
ministered rapidly are tolerated if the dose rate® 
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